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The  Caliber  ,50  Erosion  Totting  Cun  at  tha  Franklin  Inatituta  has 
boon  used  for  ths  past  two  years  in  making  firing  tssts  on  llnsrs  mads 
of  a variety  of  aatarials  and  on  gun  barrals  with  a variety  of  eoatings. 
The  object  of  ths  tssts  was  to  discover  erosion  resistant  materials  which 
would  prove  satisfactory  under  hyper-velooity  conditions,  namely,  at 
pressures  between  56,000  - 58,000  p.t.i.(Copper)  and  mustle  velooltiss 
between  3500  - 3800  f,p,s,  with  a 45"  barrel.  This  report  covers  ap» 
proart matsly  one  hundred  and  fifty  firing  tests  in  the  following 

saterials  were  used  either  as  liners  or  coatings  t 


JJjUKI 


Gun  steel 

Fluorocarbon 

Molybdenum 

Monel  Metal 

Faroe  Lubrite 

Z-niokal 

Oxidised  gun  steel 

Zirconium-nickel 

Cu  on  Cr 

Tantalum 

Cr  on  Cm 

Silicon  Steel 

Cr  on  Ni 

Stellite  #22 

Cr  on  Hi  on  Cn 

Stellite  #21 

Cr  on  (Cr-Cu)  alley 

Molybdenum  + nickel 

Mo  (vapor  phase)  an  steel 

Molybdenum  + Cobalt 

Mo  (sprayed)  on  steel 

90  Mo  + 10  V 

Hl-W  alloy 

85  Mo  + 15  W ^ 

Cobalt 

80  Mo  ♦ 20  W 

80  Co  ♦ 20  W 

60  Cr  + 25  Fa  + 15  1 

86  Co  + 14  W 

50  Cr  + 45  Fe  + 5 Mo 

82  Co  + 18  W 

60  Cr  ♦ 25  Fe  ♦ 15  Mo 

Duplex  (Co  + Cr) 

• 

Duples  (Co  + W)  + Cr 

Mo  (vapor  phase)  cn  Stellite  #21 

Of  these  materials,  the  cnee  which,  as  llnsrs,  give  pronise  of  being 

sufficiently  resistant  to  withstand  hyper-velooity  conditions  an  molybdenite, 
tantalus  and  Cr  bass  alloys,  and  ths  ones  which  give  similar  promise  in 
the  form  of  coatings  are  chromium  and  duplex  plates  with  Co  or  Co-W  alloy 
as  an  undercoat  and  chromium  as  the  outer  coating. 
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amWY  REPORT  ON  THE  BEHAVIOR  OF  LINERS  AND  SPECIAL  COATINGS 
- M fflM  OF  HYPLRVFUQCITT 

Aa . JSaaglaMkl JZaM&laai 

l*  Puroog*.  Ths  object  of  the  teaming  program  Buanarlssd  below 
ni  to  diaoover  a pur*  Dotal  or  aa  alloy  which  could  be  used  a*  a short 
liner  or  as  a ooating  in  a barrel  of  gun  steal  so  as  to  reduce  erosion  and 
lengthen  th*  life  of  the  barrel  ucdsr  hyperreloclty  conditions.  All  of , 
the  tests  wore  made  in  a caliber  ,50  Erosion  Testing  Gun  at  The  Franklin 
Institute  under  firing  conditions  which  were  chosen  so  as  to  giro  tbs 
caliber  .50  bullet  a hypervalooity,  hence  tbs  accompanying  erosion  was 


produoed  st  a rate  which  was  accelerated  in  oospariaon  with  that  usually 
experienced.  Double  base  powder  containing  20}  nitroglycerin  was  used 
throughout  (except  where  otherwise  stated),  tbs  exact  characteristics 
required  to  giro  the  necessary  pressure  and  Telocity  being  determined 


separately  In  each  teat. 


«,  The  Caliber  .50  Erosion  Tasting  Gun  has  the  following  ofaaraotesw 
latlosi 


Length  of  barrel 

Toluae  of  powder  ohaaber  (pre-engraved  bullets) 
Volun#  of  powder  ohaaber  (Ball  22  and  A,T,  bullets) 
Travel  of  projeotil* 

Land  dlaaster 
Groove  dlanater 
Height  of  lands 

Distance  tram  breach  to  point  where  lands  first 
attain  full  height 


45.0* 

1.995  in.J 
1.965  in. 3 
40.3" 

0.490*  (cr  0.500*) 
0.510* 

0.010"  (or  0.C05*) 
5.19* 


Caliber  .50  ball  M2  bullets  were  used  in  the  0.500*  bore  and  artillery 


type  bullets  (banded)  and  Pre-engraved  bullets  were  used  in  the  0.490* 


bore.  The  ohaaber,  the  origin  of  rifling,  and  the  billet  seat  were  shaped 
to  receive  a 20-an  cartridge  ease  nseksd  dona  to  hold  a caliber  .50  bullet. 
An  assembly  of  the  caliber  .50  Erosion  Testing  Gun  is  sheen  on  Fig.  1. 


maBM 


Two  type  a of  barrel  wore  uaedj  namely,  (1)  « 45*  aonobloo  barrol 
and  (2)  a 45"  liner  barrel. 

A description  of  tha  45"  nonobloc  barrel  is  shown  on  Pig.  2 
A description  6f  the  45"  liner  barrel  and  the  press ed-in  liner 
in  place  in  the  carrier  seotloa,  is  shown  on  Fig*  | and  Pig.  4, 

The  Caliber  *50  Erosion  Testing  Gun  le  deeorlbed  completely  la 
the  report  on  the  erosion  testing  gun* 

3*  Conditions  ef  fir  ins. 

(a)  Powder.  In  aaoh  teat  the  neeartary  conditions  of  hypervelesity 


were  attained  by  adjusting  the  charge  ns  the  result  of  at— ure— ats  Bade 


on  the  BUdwa  pressure,  during  the  first  fear  rounds*  By  combining  a 
oartaia  per  cent  of  "sloe*  powder  with  the  ooaplenentary  per  oaat  of  "that* 


ponder  (differing  in  web  thickaeaa),  It  eaa  poeaible  to  adjust  tha  resultant 


eharaetarlstioa  eo  aw  to  eraato  a udiua  pressure  within  the  range  56,000- 
50,000  pal. (Copper)  using  the  sane  weight  of  powder*  The  doable  base  peedern 
used  sere  node  by  the  Hereulee  Powder  Co*  and  the  single  base  (EX  type) 


powders  were  wade  ty  du  Pont*  The  eharaeterlstles  ef  theee  powders  are 


given  in  Table  Z below: 


Table  I - Characteristics  ef  Powders  Psad  in.  flrrenrelooitr  Tnsta 


ggadifeaol 

Vltrosellnlese 
litroglyoerla 
Dinitrotoluel 
Potaaslun  Sulphate 
Graphite 
Dipbasylaaine 
Moisture 
Total  Volatilee 
Coating  (added) 
Residual  Solvent 


ESS  1770.243 

BajaaBeiazcai 

Rv  *098 

77.83 

74.08 

86.70 

20*09 

18*83 

■— 

WB 

8.74 

1*09 

0.99 

0.65 

0.23 

0*36 

— 

0.76 

0.58 

0.77 

0468 

0*60 

lOl 

--r 

1.57 

1.72 

4.92 

(D3T) 

0J& 

SmBS 


- 4 - 


Table  I (Continued) 

finlaJElafiaiAflai 

3ii*3-izKL»aa 

m 177<?ilQ7U9i 

mtm 

Length  (lnohas) 

0.1735" 

0.0906" 

0.0836* 

Diameter  (lnohas) 

0*1561 

0.0582 

0.0699 

Dla*  Perforation 

0.0109 

0.0064 

0.0071 

Web  (outer) 

0.0331 

— 

— 

Web  (average) 

0.0309 

0.0259 

0.0321 

No*  of  Perforation* 

7 

1 

1 

(b)  Pnlla^..  a majority  of  tha  tost*  were  fired  with  caliber  *50 
Ball  U2  bullet*  weighing  700±10  groin*,  but  in  acwe  ooaes  either  pre- 
eagrawwd  bullet*  or  those  of  artillery  type  (beaded)  were  used*  The 
weight*  of  the  P.K.  sad  A.T.  bullet*  were  also  ea  in  talced  at  ?0Qtl0  grain** 

The  shape  aad  diesnslons  of  the  artillery  type  (copper 
beaded)  bullet  are  shown  oa  Pig*  6* 

Fre-gagraved  bullet*  (?*£*)  were  uaed  la  test*  to  eliminate 
engraving  stresses  and  determine  the  resistance  of  the  material  to  ponder 
go*  erosion  alone*  The  shape  aad  dimensions  of  the  steel  beaded  pro- 
engraved  bullet  are  shown  on  Pig*  6. 

(o)  Rate  of  Fire.  Two  firing  schedules  were  adopted  ae  standard, 
one  of  35  rounds  and  one  of  70  rounds*  These  schedules  are  designated  as 
Schedule  I aad  Schedule  II* 

Schedule  I (1)  10  rounds,  pressure  and  velocity 

■ X (2)  20  » , erosion 

■ I (3)  5 * , bullet  recovery 

Schedule  11  (l)  10  rounds,  ft* 3 sure  and  velocity 
" II  (2)  55  • erosion 

" II  (3)  5 * , bullet  recovery 

The  rate  of  fire  was  4 rounds  per  minute.  At  the  end  of  the 
schedule  the  bore  was  examined,  photographed  and  gaged*  This  proeeee  was 
repeated  until  the  total  cusber  of  rounds  was  reached* 
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For  the  tasting  of  tha  Mo  liners  nora  severe  sohodulas 
vara  adopted*  These  schedules  are  dosoribed  under  the  chapter  related 
to  Vo  liners* 

Far  the  tasting  of  tha  Mo  plated  liners  less  severe 
schedules  were  adopted*  These  schedules  are  described  under  tha  ohapter 
related  to  Mo  plated  liners. 

(d)  Pressure  Velcaitv.  The  word  "hypervelocity"  la  used 
In  this  report  to  indicate  a velocity  within  the  range  3500-3300  fps* 
shea  a new  45”  barrel  is  used*  In  order  to  give  a caliber  *50  bullet 
such  a velocity  the  naxlata  pressure  In  tbs  barrel  oust  lie  within  the 
range  56,000-53,000  pei.(oopper) * As  erosion  proceeds  both  pressure  and 
velocity  fell,  but  the  oonditiona  of  these  tests  were  such  that  the 
initial  veloeity  lay  within  the  prescribed  range  for  each. 

Measurements  of  maximum  powder  pressure  were  wade  by  naans 
of  e copper  cylinder  crusher  gaga,  the  accuracy  of  which  is  estimated  at 
5%»  These  "copper”  pressures  differ  by  about  20  per  oent  fron  the  true 
pis soeleo trio  nsecur scents  of  pressure* 

Meaeursasata  of  velocity  were  weds  by  means  of  two  screens 
37  ft*  apart  oceneoted  to  ea  Aberdeea  type  chronograph.  The  first  soreea 
was  8 ft*  from  the  auzsla  of  the  gun*  The  acouraoy  of  this  equipment  Is 
estimated  at  0.55*  The  velocities  reported,  therefore,  ere  lnstruaental 
velocities  at  26  feet  froa  the  auzsla* 

4*  Properties  of  Linars  and  Coatings.  An  examination  of  the  phys- 
ical properties  of  aetala  end  alloys,  supplemented  by  vent  plug  teste, ^ 

(1)  A-143.  "Metals  Tested  as  Erosion  Tent  Plugs"  by  Loeffler,  Phalr  and 
Jerabek* 
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has  Indicated  that  carta la  onos  night  possess  the  roquiaite  characteristics 
for  ura  a a a nhort  liner  in  a barrel  of  gun  stool*  Since  tha  behavior  of 
a given  natal  in  a vent  plug  teat  often  d if fere  significantly  fro*  its 
behavior  in  an  actual  firing  test,  liners,  varying  in  length  usually  frc* 

5 to  8 inches,  were  made  and  introduced  into  the  .Erosion  Teating  Cun* 

The  pur*  netala  and  the  alloys  listed  in  Table  ZZ,  together  with  so**  of 
their  physical  propertlee,  war*  thus  tested  in  the  fon  of  linen* 

Table  III  shoe*  tha  ohealeel  ecepoaitlcn  of  the  go*  steel  used 
as  a o octroi  and  several  alloys  uaed  in  Baking  liners* 

The  properties  of  an  ideal  arosion-neistaat  eaterial  ere  veil 
described  in  the  Report  of  the  Resistant  Materials  Coaalttee  of  Division 
One,  15  Janaary  1944s  8,  as  follows  i 

"(1)  A combination  of  high  salting  point,  high  specifl*  bent  and 
high  thaml  ooodnetivity,  such  that  the  waxinu*  tesperetere  attained 
by  the  bore  surface  will  alwaya  be  well  below  the  Belting  point  of  the 
notarial* 

"(2)  A high  resistanoe  to  ohenical  reaotion  with  the  poeder  gases 
at  the  teapantoirea  attained  by  the  gases  and  the  bore  notarial* 

"(3)  A high  resistanoe  to  thsnul  shook  as  evidenced  by  a nlnlauB 
tsBienoy  to  eraek  under  the  rapid  heating  and  ooollng  oyele* 

"(4)  A high  resistanoe  to  neohsninsl  abrasion* 

"(5)  A hot  sufficiently  high  to  prevent  plastic  defornation 

of  the  rifling  under  the  engraving  stresses  at  the  aaxlstm  tenparatur* 
attained  by  the  bore  eurfhee*1 
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B.  CONTBQL  TESTS 

1*  Erosion  of  Gun  Steal.  In  ordar  that  oompariaon  can  be  made 
between  tha  aroalon  shown  by  gun  a tael  and  that  shown  whan  liner  a and 
coatings  arc  used,  It  is  necessary  to  aatabllah  with  boom  care  just  how 
tha  progress  of  aroalon  takas  place  In  an  unllned,  unooated  barrel  of 
gun  steal.  For  this  purpose,  two  firing  tests,  used  as  controls,  were 
■ads  under  nearly  identical  conditions  with  each  of  three  types  of  bullets, 
naasly.  Ball  K-2,  copper  banded  artillery  (designated  hereafter  as  A.T,), 
and  pre-engnavsd  (designated  hereafter  as  P.E.) 

The  tent  erosion  laplies  the  gradual  enlargewent  of  the  bore 
with  the  resulting  loss  In  pressure  and  velocity,  loss  in  range  and  in* 
creased  accuracy  dispersion.  This  increase  In  bore  disaster  nay  occur 
either  by  (1)  chealcal  attack,  (2)  thermal  effects  (suoh  as  Belting  or 
softening)  and/or  (3)  aachanlnsl  effects,  suoh  as  swaging  of  the  lands 
by  the  engraving  stresses  and  abrasion  by  the  bullet  and  powder, 

(»)  SMiitaat  rraartl— ,of  Qua  fi&tflla 

Although  the  physical  properties  (tensile  strength,  yield 
point,  ductility,  etc,)  of  the  gun  steels  are  very  good,  the  theraal  and 
chealcal  properties  are  not  suitable  to  give  good  perforaence  in  a hyper- 
Telocity  gun. 

The  failure  of  gun  steel  aay  be  attributed  tot 

(1)  Iffll  Mlfal  pr><nt  - The  high  potential  double  base 
powders  necessary  for  an  efficient  hyper-velocity  gun  produce  bore  surface 
temperatures  in  the  vicinity  of  the  Belting  point  of  the  steel  (1450*C), 

(2)  T&tmi.inMfflragttflft  tf  51 ail  §\arfm  - a oheai- 

cally  and  tharaally  altered  layer  is  formed  at  the  steel  surface  after  one 

CQHrasaxmi 
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round,  The  depth  of  this  altered  layer  la  * fuaotlaa  of  the  flan* 
temperature  of  the  powder  gas.  This  altered  layer  la  las*  resistant  to 
erosion, 

(3)  Lo  hot  hardness  . Gun  steel  (3A&  4150)  shows  s sharp 
downward  break  In  the  hard  ansa  vs  teapsratnr#  and  the  yield  point  vs 
tenpsratare  ourves.  At  ths  naxistim  tanpsratnrs  obtained  by  the  boss 
surfaoe  a lowering  of  ths  hardness  permits  plastln  deformation  of  the 
lands  to  ooeur  tinder  ths  engraving  stresses, 

(4)  »***  aktoH  jft  »»»— aMtti  - Sines  gun  stool 
is  essentially  iron,  so  have  to  deal  mainly  with  the  ohemlstry  of  iron. 

At  ths  tsapsratures  attained  in  ths  gun  ths  powder  gases  osa  reset  with 
ths  Iren  in  the  steal  to  fan  oarbldasf  oxides,  sulphides  and  nitrides. 

The  erosion  of  gun  stool,  irrespective  of  the  poedear  and 
the  ballet  used,  sterto  st  the  origin  of  rifling  and  advance#  toward  ths 
watwwls  as  the  rmwher  of  ranndo  lnerooseo, 

Xt  is  shares terlsed  by« 

(1)  eraeking  of  the  bore  surface 

(2)  "melting*  or  softening  of  ths  boro  surface 

(3)  swaging  of  ths  lands 

With  double  base  powder  n definite  crack  pattern  eon  be  seen 
after  a few  rounds,  Xt  bas  boon  shown  that  an  altered  layer  ferns  during 
the  first  round  fired  end  melting  of  ths  land  corner  is  also  observed  after 
one  round. 

Swaging  of  gun  stool  Is  usually  overshadowed  by  ths  effects 
of  thermal  erosion. 
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(b)  ifovlon  l9iia  Jrlth.  I^ilLV2_(^2U_  banded  ArtlLlanr  Tvtds 

(r.T.I  jauiaia* 

Two  control  tests  for  oner,  typo  of  bullet  worm  firad  mlng 
double  base  powder* 

The  increase  In  bore  dioneter,  the  loes  in  pressure  and 
velocity  ard  the  round  number  for  a loan  in  velocity  of  20 ) fpa,  are 
tabulated  In  Table  IV. 

Tibia  IT  • CoMwrlsoa  of  Chnrure  in  Here  Plains Iona  cmd  Ealllatioa 


Firing  Rds.  ?o  ^o 

T"st  Hnhadiiln  Fired  osifCul  fee 

A?  after 
cel 

AV  after 
fee 

AL  AG 

ln.xlO-3  in.AO-3 

AV  a-300 
fps  after 

P4*-- ■ 

E(F3) 

I 

115 

53700 

37M 

- 8900 

-290 

14.6 

7.7 

49 

E(F4) 

I 

115 

62600 

3720 

-15B00 

— 2?3 

16.0 

10.2 

55 

C(F6) 

II 

150 

57700 

3700 

-15700 

-315 

23.8 

11.3 

90 

C(F12) 

n 

150 

57600 

3700 

-13500 

-330 

18.7 

10,7 

100 

u.(F5) 

ii 

290 

57500 

3700 

- 7900 

-2/U 

25.3 

19.6 

215 

U(F9) 

ii 

290 

57500 

3705 

- 7P00 

-230 

19.9 

14.7 

255 

A comparison  of  the  dietrlbution  of  eroaion  along  the  bore 
aurfaoe  la  shown  on  Figures  7 ends* 

A oonpariann  of  the  progress  of  erosion  for  the  lands  sad 
grooves  at  0*5  Inch  beyond  the  origin  of  rifling  la  shown  Figures  9 and  10. 

A comparison  of  the  progress  of  velocity  and  pressure  change 
Is  shorn  on  Figures  11  and  12. 

The  above  data  shove  that 

(1)  Consistent  eroaion  results  can  bo  obtained  when  firing 
conditions  are  oloeely  controlled. 

(2)  Pre-engrmvad  bullets  eliminate  the  wear  factor  duo  to 
engraving  stresses.  The  erosion  observed  with  P.Z,  bullets  is  approximately 
half  of  the  erosion  observed  with  BW-2  and  A.T.  bullets. 
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(3)  The  progrot!3  of  rroaioa  curves  ohon  that  the  rates  of 
eronlmi  for  r.-ill  ’'-2  and  A.!,  bulletu  are  tho  s&ae  for  35  rounds*  After 
35  rounds  a sharp  break  occurs  aoonar  In  the  curve  for  Ball  M-2  ballots 
bocuuae  the  riillng  is  only  .00 J 9 deep.  Aith  A.T,  bullets  the  rifling  is 
,010"  and  the  break  in  tho  curve  occurs  after  70  rounds* 
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C.  LIMITS  OF  I-  v:;[:.T:,iT  M.  T KIjLS 

1.  V.olvbiJomia  Mid  Molybdenum  Alloys, 

The  molybdenum  rnd  molydbcnua  alloy  linr-ra  described  In  this 
unction  were  prnprod  by  the  Jfsatinghouse  Research  Laboratories  at 
East  Pittsburgh,  2a.  under  Contract  GEJ-sr  915  froa  niloyu  a-  da  by 
the  ttostinghouse  Lump  Division  at  Bloomfield,  tf.  J.  under  Contmct 
0E3l-»r  1205*  Tho  details  covering  tne  manufacture  ><nd  Urn  properties 
of  tho  various  molybdenum  liners  submitted  may  bo  obtained  froa  the 
Seatlnghouse  report* 

(a)  Erosion  Resistant  Properties  of  MolSbdeona  and  1Io1yI>- 
demim  Alloys.  The  high  melting  point,  better  thera&l  conductivity 
and  excellent  chenior.1  properties  of  molybdenum  should  produce  liners 
that  are  very  reu intent  to  thermal  and  chemical  attack  by  the  poeder 
gases*  However,  its  method  of  manufacture  froa  powder  by  powder  met- 
allurgy gives  material  that  is  poor  in  physical  properties  unless  the 
a terial  Is  given  tne  proper  work  and  heat  treatment.  Bars  worked 
well  in  only  one  direction  give  a material  that  has  good  properties 
in  only  one  direction. 

Many  of  the  early  liners  tested  did  not  have  sufficient 
working  and  consequently  they  failed  after  a few  number  of  rounds  by 
cracking  and  spalling  of  the  metal  from  the  surface.  These  early 
tests,,  however,  showed  the  superior  erosion  resistant  properties  of 
molybdenum. 

Low  Hot  Hardness.  Molybdenum  has  been  shown  to  be  too 
soft  at  the  temperatures  reached  in  s gun  to  withstand  the  engraving 
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strenscu.  Uuli.aa  tno  .'io  h:.s  been  hardened  the  bore  mill  enlarge 
because  of  the  fluttoniug  of  the  lioida  .nd  a drop  In  pressure  and 
rolooity  will  ba  observed  even  though  tno  notarial  la  resistant 
to  the  powder  gases. 

Low  Coefficient  of  Fxoansion.  Tha  thraal  ooeff iolent 
of  expansion  of  nolybdeaun  is  Less  then  h-.lf  of  the  coefficient  of 
expansion  of  gun  steel.  In  long  erosion  bunts  toe  liner  has  sored 
so  that  the  rifling  is  out  of  line  in  eases  where  the  interference- 
fit  has  not  been  great  onough  to  hold  the  liner. 

(1)  Types  of  Failure.  The  types  of  failure  observed 
In  Uo  liners  say  be  attributed  to 

Low  Strength  and  Ductility.  This  can  be  corrected 
by  proper  working  sad  heat  treatment  to  produce  the  proper  strength 
end  nlcroatructure. 

Low  Hot  Hardness.  This  can  also  be  iaprored  by 
alloying  with  Ni  or  Co  fad  proper  working  and  heat  trwntnent. 

Low  Coefficient  of  Srosnalon.  this  can  be  corrected 
bv  insertion  in  the  carrier  under  a high  shrlnk-flt  Interference  or 
assembly  in  a carrier  of  the  proper  coefficient  of  expansion  so  that 
support  of  the  Uo  liner  is  naintained  at  all  temperatures. 

The  types  of  failure  observed  In  Uo  liners  tested 
esn  be  grouped  as  follows t 

(a)  Swaging  of  lands  at  O.R. 
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coinni^Tut, 

( b)  ‘Jov.-nont  of  tha  Linar. 

(I)  For*  rd  aovesent  of  Linar  e-uuing  the 
Joint  boneath  tha  cartridge  cv m«  to  open. 

(li)  Pinatlo  flow  of  actal  ("ironing*1)  toward 
th«  mizzle  end  of  the  Linar  causing  a constriction  at  the  and  of  the 
liner. 

(ill)  Harping  of  staves  causing  a constriction 

at  tie  broach  end. 

(It)  Rotation  of  liner  causing  a misalignment 

of  tas  rifling. 

(▼)  Opening  of  the  seem*. 

(c)  Cracking  of  tha  Linar. 

(i)  Longitudinal  cracking  - this  usually 
occurs  In  tha  canter  of  tha  grooves. 

(II)  Transverse  cracking. 

(ill)  LurfSaa  checkersoxk  cracking  caused  by 
tha  tnera&l  stresses  at  the  bora  surface. 

(d)  Spelling  of  tha  Metal. 

(i)  Along  tha  edges  of  tha  seass. 

(li)  At  tha  land  crossing  of  straight  3aaos. 

(ill)  EasaSting  from  tool  anrks  on  tha  surface. 

(b)  Erosion  Tests  on  Molvbdcaun  Liners. 

(1)  Variables  Tested.  The  foliosing  variables  were 
tested  in  the  firing  tests  outlined  below t 
(a)  Composition 
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(b)  Smooth  bore  end  rlfied  linor* 

(o)  Soaalaaa  eml  multl-at-ve  liners 
(d)  Straight  *nd  helical  twists  liners 
— (o)  Precision  twisted  liners 

(f)  Liners  with  and  without  shoulder 

(g)  Varying  interference  between 
liner  and  carrier 

(h)  Liners  with  and  without  bod/  taper 

One  of  the  aost  important  variables  which  was  hard  to 
control  w«s  the  aicrostxuoture  of  the  saterial*  The  progrsa  has  now  reached 
a point  where  notarial  haring  good  niorostructure  c»a  be  oons latently 
produced. 

(2)  Flrins  Schedules.  The  superior  erosion  resistant 

\ 

properties  of  Ho  aade  necessary  the  us#  of  a more  seTere  erosion  schedule. 
Schedules  III  end  IV  were  used  on  the  lrst  group  of  molybdenum  liners.  The 
properties  of  the  aolybdenua  have  been  improved  in  the  1 et  liners  tested, 
so  that  the  most  severs  fixing,  schedule  IT  has  now  been  adopted  as  standard 
for  superior  erosion  resistant  liners.  These  schedules  are  as  followst 

g^ydulf  ffl 

10  rounds  Velocity  <St  Pressure  ) Group  I 
130  rounds  Erosion  at  6 R.P.U.  ) 

After  examination  and  gage  neasurenent  the  process  was 

repeated  to  failure. 
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i'chcdula  IV 

10  round*  Velocity  u Pressure  ) 

9J  rounds  Kroslon  at  10  to  16  R.P.U.  ) 

10  round*  Velocity  u Pressure  ) 

190  rounds  Eros  Lon  t t 10  to  16  R.P.'!.  ) 

10  rounds  Velocity  & Pressure  ) 

2>J  rounds  Erosion  at  10  to  16  R.P.3.  ) 

10  rounds  Velocity  k Pressure  ) 

230  round*  EtosIck  at  10  to  16  P..P.-J.  ) 
10  round*  Velocity  it  Pressure  ) 


Gr">up  1 
Group  II 
Group  III 

Group  IV 


(3)  Barrel  Temperature  <»fc*ure«ent*t  Temperature  mwa- 
ur events  were  m^de  by  attaching  lron-eonutantan  thermocouple*  on  the 
outside  of  the  barrel  at  10-1/2"  from  toe  breech*  The  thermocouples 
•ere  peeaed  in  the  steel  surface  according  to  the  procedure  described 
in  the  Leeds  u Northrup  Report  under  Contract  GE*-*r  536. 

The  barrel  temperature*  reached  in  each  of  the 
firing  schedules  are  <-s  folloaui 

Temp,  after  20  55  90  130  190  230  290  rds. 


Schedule 

1 

II 

III 

IV 


95“C  - . 

135°C  - 

- 330»C  - - - 

284"C  - 416°C  500*C  502*C 


(4)  Summary  of  Result*.  Table  V gives  a chronological 
Hat  of  the  molybdenum  liners  tested  in  this  program.  Tests  prior  to 
firing  test  E(F33)  mere  sad*  on  Mo  material  that  had  Inferior  micro- 
structure  and  hence  inferior  physical  properties.  The  details  of  each 
firing  test  are  given  in  the  Appendix.  A summary  of  the  results  of 
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TABLE  ¥ (Coatlnmd) 

Rds.  Cracking  of  Liner 

Test  Composition  Boy  BqUet  Fonder  Tired  Snaring  Constriction  ImSY?r?I  Sj^lUng  CajL^rosicg 
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the  Tirt’: bio  a touted  la  ns  follows: 

(a)  faooth  bora  llnora:  The  firat  Jo  ltnors 
tented  h d inferior  phyalcnl  properties  Man  foiled  In  the  firat  few 
rounds  fired,  Smooth  bore  llnora  t\ere  touted  to  eliminate  the  ma- 
china  «.>rk  of  rifling  until  arterial  of  uatlafoctory  strength  end 
ductility  could  be  produced, 

71ye  smooth  bore  liners  wore  tested 
(K-F7,  E-710,  E-Fll,  K-712) . 

(b)  Seoaleaa  and  aultl-stavs  liners:  The  firat 
fire  Uo  liners  tasted  (£-75,  E-76,  E-77,  E-710  end  E-711)  *.ere 
drilled  from  awsgod  bars.  These  Liners  felled  bedly  by  longitudinal 
crocking  because  of  inferior  physical  properties. 

All  liners  tested  since  these  hues  beea  xt-ds 
in  the  font  of  staves.  The  stave  liners  permitted  the  use  of  molyb- 
denum having  lower  strength  and  ductility.  As  these  properties  are 
improved  it  nnj  be  possible  to  use  aesaless  liners* 

Two-otave,  four-stave  and  tea-stave  liners 
have  been  tested.  In  the  Caliber  ,50  gun  there  has  been  no  advantage 
In  making  a liner  with  sore  than  two  staves,  A theoretical  discussion 
of  the.  stresses  in  multi-stave  liners  is  given  in  Armor  and  Ordnance 
Report  A-273  by  Brace  and  Harden, 

(c) .  Straight  and  helical  twisted  liners:  In  a 
multi-stave  liner  with  straight  seams,  the  seena  between  the  staves 
cross  the  lands.  There  has  been  serious- spalling  and  tearing  of  ths 
metal  at  these  lnnd-seoa  crossings  due  to  the  impact  of  the  bullet  on 


ca;fgrp^i-?i?.L 


?> 


autorial  of  low  strength  tnd  ductility.  At.  the  ut.il/1  lv  j been 
inprovod  tha  extent  of  failure  the  lund-.iofta  cjout-lugd  iv.s  beau 
reduced*  Ho-ievwr,  it  can  be  ut'.tod  ta  t a hslic:l  t.dstod  two-at.Ye 
liner  at.de  with  aolybdenua  having  the  best  physical  properties  pro- 
duced today,  is  in  better  condition  than  a utraight  tuo-atave  liner 
after  being  fired  tne  sane  nuaber  of  rounds. 

A coaprrisoo  of  straight  and  helical  twisted 
liners  is  shorn  in  Tests  K(F47)and  E(F49)  fired  1133  end  2022  rounds 
respectively.  (See  Appendix- pager  111  and  112.) 

(d)  Effect  Of -integral  shoulder.  Teste  E(F33),  E(F36), 
E(F39)  and  E(F57)  sere  aede  on  liners  without  an  integral  shoulder.  All 
liners  tested  to  date  nr.de  without  an  integral  shoulder  that  wore  fired 
on  Schedules  111  end  17  have  sovrd  forward  and  produced  an  opening  at 

the  rear  Joint  beneath  the  cartridge  case.  Extrusion  of  the  brass  case 
into  this  opening  prevented  extraction  of  the  case  and  stopped  the  teat. 

The  results  of  these  teste  snow  thtit  a liner  with 
an  Integral  shoulder  ia  necessary  for  the  best  performance,  using  the 
best  Uo  that  is  now  available.  (See  Appendix-pages  1C8,  107  end  117). 

(e)  Precision  twisting  of  staves.  The  staves  in 
Tests  E(F42),  E(F45),  B(F54)  and  E(F55)  were  precision  twisted  by  the 
Bestinghouse  Research  laboratories  at  East  Pittsburgh.  The  other 
twisted  liners  were  hot  twisted  at  Blooafield  end  then  sa chined  to  size. 

The  results  of  the  test  show  that  with  good  na- 
terial  there  is  no  advantage  in  performance  with  a precision  twisted 
liner. 
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(f)  Vf-r/ln^  tntorf^rimco  bet«oen  llnor  and  carrier. 
All  ilnoru  t ^fc«Ki  iuul  interference  between  the  lin  <r  . n;i  tile  carrier. 
This  interference  r^rUni  fro*  0.0015"  to  0.UJ4*  on  the  dl.nuetar. 

The  teats  ahowKi  the  boat  performance  Lr.  ob- 
tained with  the  gr<r  tout  Interference.  It  la  nccossury  to  cool  the 
liner  and  host  the  carrier  when  there  iu  insertion  intarference  of 


.003"  -*nd  .004". 

(g)  Llneru  with  and  without  body  tauer.  One  liner 
wee  inserted  in  the  carrier  without  tiny  tody  taper  and  fired  2u24  rounds 
in  Test  E(F50).  Compered  with  its  companion  tact  E(F49)»  which  wee 
fired  2022  rounds,  the  taper  did  not  affect  the  performance.  Body  taper, 
however,  makes  the  liner  insertion  easier.  (See  Appendix  - pages  112  and  114) • 
(b)  Composition.  Purs  molybdenum  has  been  shown  to 
be  too  soft  to  withstand  engraving  stresses.  The  addition  of  small  a- 


aouats  of  nickel  and  cobalt  and  15*  tungsten  improve  the  strength  and  — 
h-rdneaa  with  the  same  amount  of  forging  (hot  working) . A comparison 


of  the  effects  produced  by  the  addition  of  these  metals  is  shown  in  the 


following  table.  The  advance  of  the  0.505”  land  gage  gives  a good 
measurement  of  ths  extent  of  swaging  of  the  lends. 

Teat  Composition  Advance  of  0.505"  Gage  after  300  rds. 


E(F56)  Mo  (pure)  + 1.02" 
E(F45)  Mo  ' + O.ol*  hi  + 0.07 
E(F36)  Mo  + 0.05*  «i  + 0.99 
E(F47)  Mo  + 0,1  * Co  + 0.0 5 
2(F49)  Mo  + 0.1  * Co  + 0.03 
E(F5Q)  Mo  + 0.1  * Co  + 0.07 
S(F41)  *o  + 15*W  +0.24 


Those  results  hsve  shown  the  composition  with 
0.1*  Co  to  give  the  best  and  most  consistent  performance. 
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The  uuperlor  erosion  realutf-nt  properties  of 
molybdenum  cr#  clearly  snown  la  the  follow  in*  t’.bLm,  ,-nd  curves. 

Table*  VI  «nd  VII  compare  the  erosion  re- 
sistance ox'  ilo  < rui  gun  steel. 

The  groove  gug«  me-  suremwats  ;>r#  taken  *b  be  Lag 
■ore  representative  of  resistance  to  g*o  erosion* 


TADLS  VI  - COMPARISON  OF  iDVAhCK  Of  CBOOVF  C;QP3 


k 2 2 k 

Cun  Steel  Qua  Steel  Molybdenum  Mo  + 0.1 % Co 

Gage  Die.  AttSllUJikl.  After  7Q  Ms.  After  294  Eds.  After  2023 


0.513 

+ 6.87" 

• 

+ 0.05" 

+ 0.16" 

0.515 

+ 4.25 

• 

+ 0.07 

♦ 0.14 

0.517 

+ 2.37 

+ 6.00" 

+ 0.07 

+ 0.09 

0.519 

+ 1.45 

♦ 5.29 

+ 0.07 

+ 0.03 

0.521 

+ 0.88 

♦ 4.75 

+ 0.07 

+ 0.01 

Column  1 - Using 

205  MQ  powder 

and  Ball 

11-2  Bullets 

Column  2 - Using 

4*4  MQ  powder 

and  Ball 

U-2  Bullets 

Column  3 - Ut-ing 

4(4  10  powder 

and  Ball 

11-2  Bullets 

Column  4 - Using 

20$  MO  ponder 

and  Ball 

11-2  Bullets 

Figure  13  compares  the  profile  of  the  grooves  of  gun 
steel  liners  fired  (a)  70  rounds  with  4P%  nitroglycerin  powder , (b)  115 
rounds  with  20$  nitroglycerin  powder  and  molybdenum  liners  fired  (a)  294 
rounds  with  40?C  nitroglycerin  powder  and  (b)  2022  rounds  with  20$  nitro- 
glycerin powder.  These  data  shoe  the  absence  of  any  powder  gas  erosion 
of  the  molybdenum  surface  even  with  tbs  highly  erosive  40$  nitroglycerin 
powder. 

The  land  gage  measurements  in  Table  VII  shorn  the  ex- 
tent of  swaging  of  the  molybdenum. 
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r.  HLi;  vii 

- CO'IP  TUrON  OF  DV  NCF.  OP  L. 

tJD  G-GFS 

Gun  CtcftL 

Mo  + O.IX  Co 

After  11'.  F.iia. 

After  2022  lids, 

Dla. 

• ZOt  NO  Ponder 

20 t NG  powder 

0.501 

+ 13.7" 

+ 5.73" 

0.503 

. * 14.5 

+ 2.96 

0.505 

+ 11.3 

2.15 

0.507 

• ♦ 9.0 

♦ 0.17 

0.509 

♦ 6.6 

- 0.04 

0.511  - 

* 3.9 

- 0.15 

figure  14  compares  the  profile  of  the  Lund*  of 
a (jua  steel  liner  fired  115  round*  with  20%  nitroglycerin  powder 
•ad  n nolybdenu*  liner  fired  2022  round*  with  20%  nitroglycerin 
powder.  Since  the  groove  gr go*  showed  no  powder  gn*  erosion,  the 
change  in  the  1.  nd  profile  of  the  nolyfadsnun  liner  i*  due  entirely 
to  the  swaging  action  of  the  bullet. 

A comp-  ri*on  of  the  pressure  change  with  gun  steel 
liner  1*  shown  on  Figure  15.  During  the  test  of  E(F49)  the  nolyb- 
denun  liner  outlasted  three  new  chrose  plated  nuzzle  section*. 

A sunxary  of  the  results  of  til  the  nolybdemw 
liners  tested  fter  Test  E(F33)  is  given  in  Table  VIII. 

(5)  Matallogra  ohlc  Exaaln&tlon.  Sections  of  so.se  of 
the  fired  liners  were  sent  to  Harvard  University  for  metallographic 
examination. ' The  results  of  these  examinations  nay  be  obtained  fro* 
the  Harvard  Eeport  on  "Uet&llographic  Examination  of  Cun  Liners  and 
Coatings  Tested  under  Hypervelocity  Conditions". 
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(6)  Sflaalaaiaai 

The  reaulta  obtained  in  testing  the  i^lytdemni  liners 

show* 

(.1)  Molybdenum  ia  completely  resistant  to  powder  g’.s 
attack.  There  was  no  erosion  after  294  rounds  with  * double  lies*  powder 
containing  40?  ritroglycerln,  or  after  2024  rounds  with  a double  base 
powder  containing  20/»  nitroglycerin. 

(b)  The  failures  observed  in  the  :'o  eetel  now  being 
produced  are  (1)  Longitudinal  cracking,  (2)  Spalling,  and  (3)  Swaging 
of  the  lande  at  the  origin  of  rifling. 

(o)  With  the  present  Vo  netal  the  following  oompoei- 
ties  and  design  characteristics  hare  given  the  beet  results  In  e liner 
for  aaxlaua  perforsence  under  hypervelocity  conditions  t 

1.  Coapoaltion  - Molybdonua  + 0.1?  Cobelt. 

2.  Two-Stavrs  — Helical  Seans  - Hot  twisted* 

3*  Shoulder  - 0,330"  to  0*^40"  O.D,  with  l/32" 
face  and  3/4"  length* 

4.  Body  of  Liner  - 0.770"  to  0.780"  OJ).  - 
7-3/8"  length  with  taper  l/32  in/ft.  on 
diameter. 

5,  Inserted  in  Standard  Carrier  (See  Fig.  4) 
with  0.003"  interference  on  the  diaaeter. 
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Firing  Condltlcna 

Croore  Bounds 

Teat  Liner  Pogder  CralBi  Bullet  _ Piaster  Dlcr.stcr  frmqrtrggUPBl  lS±2£lll=Ll£2l  Fired. 
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2.  Chrorce  Bn  3 9 Alloys. 

Til#  chroae  b«s»  olio/  liners  described  in  this  section 
were  prepared  by  The  Clinax  Uolybdenua  Company  under  Contract  OKI- 
sr  1273*  The  details  covering  the  methods  of  racnuf^ctura  »nd  prop- 
ortlaa  of  the  various  liner#  submitted  ary  be  obtained  from  the 
Climax  iulybdenua  report* 

(n)  Erosion  Resistant  Properties  of  the  Ohroae  Base  Alloys. 
Chroaiu*  baa  a salting  point  tout  ia  high  enough  to  raaiat  melting  In 
the  bora  of  a gun  and  la. alao  chemically  resistant  to  the  ponder  gei.ee. 
Eroaioa  vent  plug  testa  ^ have  shown  this  a>>tol  to  be  one  of  the  few 
Betels  th’it  is  resistant  to  powdar  gna  attack*  However,  the  physical 
propertiea  of  aolld  chroaiua  ere  very  poor  in  that  it  ia  very  brittle* 
The  objeot  of  the  ohrooe  beae  alloy  prograa  haa  been  to  find  some  al- 
loying aganta  that  would  a till  retain  the  erosion  resistant  properties 
of  chromlua  and  at  the  a»ae  tine  inpart  ductility  and  strength  to  the 
resulting  chroa lun  alloy. 

In  the  liners  tested  iron,  tungsten  and  uolybdenua  have 
been  hdded  to  ehrouim  In  varying  percentages* 

(1)  Types  of  Failure  Observed*  In  general  the  type# 
of  failure  observed  in  the  testing  of  these  liners  a ny  be  attributed  to 
Low  Ductility*  The  longitudinal  cracking  observed 
in  all  the  liners  tested  is  due  to  the  inherent  low  ductility  contrib- 
uted by  the  high  percentage  of  chroaiua  in  the  alloy. 

Large  Grain  Slas*  Severe  checkerwork  cracking  is 
observed, Caused  by  the  thermal  stresses  set  up  on  the  bore  surface* 
These  cracks  usually  follow  the  grain  boundaries  and  because  of  the 


COM?IDFHTI>L 

^ ; j 

1 


c:  int>K,mL 


- 31  - 

brittleness  nod  l>rge  grain  siaa  of  the  >.lloy#  lsol'- tod  blocks  of 
the  alloy  are  torn  fros  the  u.:rf»‘Ce  thereby  produoing  * teverely 
pitted  appearance. 

Tha  types  of  failures  observed  are  us  follows! 

(a)  Longitudinal  cracking  of  tha  liner. 

(b)  Trr.nsverae  cracking  of  t nm  liner  - observed 
only  la  Test  E(F53). 

(o)  fitting  of  tha  surface. 

(d)  Foluae  change  producing  *<  constricted 
bora  thereby  resulting  in  excessive  powder  pressures* 

(e)  Slight  erosion  of  the  bore  surface  - only 
in  the  liner  contain lag  45?  iron* 

(b)  Eyosto 

(1)  Y.^rlsblos  Tested.  The  following  variables  were 
tested  In  the  firing  tests  outlined  bolowt 

(a)  Composition 

(b)  Method  of  supporting  liner  in  carrier 

(o)  Twe  stave  - L'traight-seoa  liner 

(2)  Suaaarv  of  Basalts.  Table  IX  gives  a chronological 
list  of  tha  chrone  bass  alloy  liners  tested  in  this  prograa*  The  de- 
tails of  each  firing  test  ?re  given  in  the  Appendix*  page  118. 

The  best  coapositlon  tested  to  date  is  60?  chroalun, 
25?  iron  and  15?  aolybdenua.  This  coapositlon  is  resistant  to  powder 
gas  attack  and  is  also  hard  enough  to  resist  swaging  at  the  tenpere- 
turea  reached  in  the  gun. 
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The  results  or  nil  the  liners  tested  may  be  summarised 
by  stating  that  they  all  failed  due  to  cranking:  longitudinal,  transverse 
and  surface  cracking. 

The  method  of  inserting  the  liner  within  another  ohroae 
base  alloy  liner  so  that  the  inner  liner  is  unier  high  compressive  stresses 
failed  to  prevent  the  longitudinal  cracking. 

One  liner  was  aade  in  the  fora  of  2 staves  (Test  E-?58) 
in  an  attempt  to  reduce  the  longitudinal  cracking.  Results  showed  the 
2 stave  liner  did  not  reduce  longitudinal  cracking  and  that  transverse  • 
cracking  appeared.  This  is  the  only  liner  in  the  ohroae  bees  series  that 
showed  transverse  a ranking. 

The  test  data  on  all  these  liners,  however,  show  the 
ohroae  base  alloys  to  be  superior  to  gun  steel  and  stellite  /'21,  but  in- 
ferior to  molybdenua. 

(3)  HtWUCIPhig  fiaaiM&lgU  Sections  of  the  fired 
liners  were  sent  to  Harvard  University  for  m etallo graphic  examination. 

The  results  of  these  examinations  may  be  obtained  from  the  Harvard  report 
on  "detail  ogrmphic  examination  of  Cun  Liners  and  Coatings  Tested  under 
Hyper-velocity  Conditions", 

(4)  ffigaslaal sale 

The  composition  60  Cr  + 25  Fe  + 15  Ho  is  erosion  re- 
sistant wrier  conditions  of  hyper-velocity.  The  hot  hardness  is  also  great 
enough  to  resist  swaging  under  engraving  stresses. 

The  elimination  of  the  tendency  to  crack  and  the  reduc- 
tion of  the  grain  size  will  produce  gun  liners  suitable  for  a hyper-velocity 
gun, 
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The  tantalus  lir mr*  described  t a tain  section  were  prop  red  by 


the  f.-motoel  iletallurglcnl  Corporation. 

(*)  Broalon  Resistant  Properties  of  Tur 


ixosioa  vent  plug 


tests'  hare  shown  thin  metal  to  be  one  of  the  few  uotsla  that  is  resistant 
to  powder  gas  attack.  Since  the  melting  point  is  somewhat  higher  than  nolyb- 
f>nn«  it  is  not  surprising  that  the  surface  of  a tantalum  liner  should  show 
no  signs  of  thermal  erosion  by  the  powder  gases. 

However*  because  of  the  scarcity  of  the  metal  it  could  not  be 
supplied  in  the  quantities  required  for  gun  liners. 


(b)  Kroal 

(1) 


ts  on  Tag 


lbs  following  variables  were  tested 


in  the  firing  tests  described  belowt 

(•)  Smooth  bore  liner 

(b)  Rifled  liner 

(2)  Sanaa rr  of  Feajlta.  Two  liners  were  tested  with  double 
base  powder.  The  details  of  those  tests  are  given  in  the  Appendix  (pegs  121). 
The  results  of  these  tests  show 

(a)  There  wee  no  evidence  of  powder  gas  erosion. 

(b)  Roughening  of  the  tantalus  surface  indic  ted  there 
night  be  some  galling  action  between  the  tantalus  surface  end  the  bullet. 

(c)  There  was  no  cracking  of  the  surface.  This  indicated 
the  tantalus  has  a high  resistance  to  thermal  shock. 

(d)  The  tantalus  tested  was  not  hard  enough  to  withstand 
the  abrasive  action  of  the  bullets,  further  work  would  be  necessary  to  harden 
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tha  tantalua  to  raaka  it  satisfactory  for  a gun  liner. 


Tantalua  resists  erosion  under  hyper- Telocity 
conditions,  but  its  scarcity  prevents  its  use  as  a material  for  gua 
liners. 


4.  StoUltaLlnora. 


Tha  8talXlta  liners  described  in  this  section  were  boro-drilled 
and  rifled  at  the  Crane  Company  under  Contract  OEW-er  915* 

(a)  Erosion  Rosistant  Properties  of  Stellite  Stellite  it  a 
“hot- hard"  alloy,  having  a hardness  high  enough  to  resist  swaging  of  the 
lands  during  engraving.  It  is  essentially  a eobalt-chroaluo-aolybdenua 
or  tungsten  alloy  and  is  resistant  to  chemical  attack  by  the  powder  gasee. 

However,  it  has  a melting  point  lower  than  gun  steel,  being 
1250*  - 1300«C. 

The  property  of  prime  importance  is  the  high  resistance  to 
bullet  wear  (swaging  and  friction) . 

(1)  Tvnes  of  Failure  Observed.  In  general,  the  types  of 
failure  observed  in  the  testing  of  these  liners  may  be  attributed  tot 

Lear  Melting  Point.  Melting  of  the  surface  in  all 
liners  tested  with  double  base  powder  (flame  teeperatnre  3560° K). 

The  types  of  failures  observed  are  as  follows! 

(a)  Melting  of  the  bore  surface  by  double  base 

powders. 

(b)  Surface  cracking  caused  by  the  thermal  stresses 
at  the  bore  surface. 

(b)  erosion  Tas*g  m hlnwrw. 

(l)  Variables  Tested.  The  following  variables  were  tested 


C^EIDMAIt 


C'l'Jr  ti)-',yj'[,[. 


In  tiie  firing  testa  outlined  bolom 

(a)  Cogoosltlon.  The  f tellita  # 22  linora  h ve  approxi— 
natal/  4.5t  tungsten  and  in  the  steLlite  *21  liners  the  tungsten  is  replaced 
by  solybdanua. 

(b)  Propellant  Powder  Composition.  Stellite  liner* 
were  tested  under  hypervelocity  conditions  using  tha  following  powders  haring 


different  potentials  and  flan# 

tempera tu rest 

RDX 

Double  Bass 

I?ffi 

igulLapti 

Jag  iUSsL 

nitrocellulose 

86.70 

50.0 

77.33 

Nitroglycerin 

— 

- 

20.09 

Diaitro toluol 

8.74 

10.0  (coating) 

Cydoait# 

— 

45.0 

Dlbutyl  Tartrate 

• 

4.5 

Potassium  Sulphate 

0.65 

0.7 

1.09 

Dlph«y lamina 

0.77 

0.5 

0.76 

Adiabatic  Flams  Temp.  (°K) 

2940 

2965 

3560 

Velocity  of  Projectile  at 

26  ft.  In  f.p.s. 

3500 

3625 

3700 

(2)  Summary  of  Result*.  Table  X gives  a list  of  the  stellite 
liners  tested  in  this  pro gnus.  The  details  of  each  firing  test  are  given  in 
the  Appendix  (page  122  ). 

The  results  of  the  liners  tested  showt 

(a)  Stellite  is  not  resistant  to  thermal  attack  by  double 
base  powders*  Halting  of  the  surfaos  occurs  during  one  round  and  It  is  prac- 
tically Impossible  to  establish  load. 

(b)  Stellite  is  resiatMit  to  attack  by  single  base 
(1HR  Type)  and  RDX  (CR.  1 Type)  powders  at  the  slow  rate  of  fire  in  the  Cal- 
iber .50  Erosion  Testing  Gun. 

A comparison  of  the  extent  of  failure  of  the  stellite 
liner  with  double  base  powder  after  85  rounds,  with  IMR  powder  after  1562 
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rounds  and  RDX  (Cll#l)  after  1023  rounds  la  shown  on  Figure  16  and 
Figure  17. 

Figure  16  gives  a comparison  of  the  pressure 
change  as  a function  of  the  rounds  firod, 

figure  17  gives  a comparison  of  the  advance  of 
the  land  gages  and  shows  a profile  of  the  -respective  boros  after  the 
above  nunber  of  rounds* 

(3)  Ssaslualaaia 

The  sucoess  of  a stellite  liner  In  any  particular  gun 
depends  mainly  upon  the  amount  of  heat  (heat  input)  transmitted  to  the 
bore  surface* 

The  amount  of  heat  transmitted  to  the  bore  surface  is 

determined  by* 

(a)  The  flame  temperature  of  the  powder*  (b)  powder 
charge,  and  (o)  duration  of  heating)  and  in  a particular  gun  tha  heat  in- 
put to  the  bore  surface  can  be  changed  by  - 

(i)  the  rate  of  firs,  (ii)  the  length  of  burst, 

(ill)  the  cooling  interval  between  bursts,  and  (iv)  the  roughness  of  the 
bare  surface. 

Since  it  has  bean  shown  that  stellite  is  resistant  to 
IVJi  and  RDI  (CR.l)  powders  in  the  erosion  testing  gun  at  a rate  of  fire 
of  12  R.P.M.,  this  will  not  be  true  when  the  cyclic  rate  of  fire  is  changed* 

The  low  melting  point  of  stellite  is  a limiting  factor 
in  its  use  as  a liner  for  a hyper- velocity  gun. 
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5.  Nickel, Base  Alloys. 

Tho  tensile  atruugta  and  hot  h rtinaaa  of  none  nickel  tlloya, 
especially  Z-ntekei,  /.re  satisfactory  for  gun  Ilnurs. 

Table  XI  givoa  a ll3t  of  the  nickel  base  alloys  tested.  The  de- 
tails of  theuo  taste  fro  given  in  the  Appendix  (fuge  L2S  )• 

Thu  test  <i  t*  s'nowt 

(1)  Monel  iu/t&l  gave  the  saao  groove  erosion  at  gun  steel 
but  the  land  erosion  w?s  twice  ca  great.  This  indicates  greater  bullet 
wear  of  the  aonel  (total  I nda. 

(2)  Z-nlckel,  The  erosioo  observed  mbs  unlike  th«t  of  gun 
steel  in  that  the  deep  thermal  cracks  sere  absent,  but  the  surface  of  tho  metal 
on  both  lends  and  grooves  had  a pitted  appearance  as  if  chunks  of  metal  had 
been  torn  loose  from  it.  Gage  measurements  showed  thft  the  loss  of  metal 
differed  littlu  from  that  of  gun  steel  under  the  same  conditions.  This  type 
of  erosion,  namely,  shore  cracking  takes  place  along  the  crystal  boundaries, 
Is  characteristic  of  nickel  and  its  alloys. 

(3)  Zirconium  nickel.  The  grooves  showed  little  wear  but 
severe  thermal  cracking  around  the  nickel  crystals.  The  lands  were  worn 
more  severely  then  those  of  gun  steel  under  the  same  conditions.  For  two 
inches  beyond  the  O.R.  the  lands  were  flattened  out  showing  insufficient 
strength  to  withstand  the  engraving  stresses. 

(4)  Conclusions.  Nickel  base  alloys  fail  by  Intergranular 
attack  «nd  are  not  suitable  as  gun  liners  under  conditions  of  hyporvelocity. 
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X-ray  exaain  tlon,  by  Dr.  Ponjnnk  of  t ie  Geophysical  Laboratory, 
of  tho  boro  surface  of  guns  fired  with  double  base  ponder  allowed  u high  per- 
cents g«  of  oxide  of  Iron*  firing  tost*  with  iron  ponder  and  ferrosillcoa 
ponder  aixod  with  the  double  boon  powder  by  Dr*  Poajnak  showed  that  the 
reducing  properties  of  ferroeilioon  ponder  had  prevented  the  formation  of 
iron  oxide*  It  was  hoped  that  the  addition  of  silicon  to  steel  would  also 
prevent  the  formation  of  iron  oxide  on  the  bore  surface* 

A liner  of  silicon  steel,  containing  approximately  4*7f  silicon, 
was  fired  7 rounds*  The  liner  cracked  so  badly  it  vus  impossible  to  continue 
the  test*  The  grain  else  was  so  large  that  the  material  was  too  brittle  for 
nee  as  a liner  material. 
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1.  Chroalua  Plata. 

Tha  electroplating  of  the  lincrn  described  in  this  seation  ms 
dons  at  tha  National  Bureau'  of  Standards,  except  where  otherwise  indi- 
cated. The  conditions  and  details  of  the  plating  procedure  nay  be  obtained 
from  the  Bureau  of  Standards  Report. 

(a)  Erosion  Fesiatant  Properties  of  Chrcalus.  Chroalua  has  a 
salting  point  that  is  high  enough  to  resist  nelting  in  the  bare  of  a gun 
and  is  also  cheaieslly  resistant  to  the  powder  gasos.  Erosion  went  plug 
tests  hare  shown  this  natal  to  be  one  of  the  few  uetals  that  is  re- 
sistant to  powder  gas  attack. 

However,  the  natal  has  very  little  ductility , 

(1)  Tvccs  of  Failure  Observed.  In  general,  the  types  of 
failure  observed  in  the  testing  of  chrooe  plated  guns  stay  be  attributed 
tot 


Low  Ductility  of  Chrsaa  Plate.  The  checker-work  crack- 
ing which  appears  on  chrooe  surface  is  due  to  the  inherent  low  ductility 
and  brittleness  of  chrooe  plate. 

Foraatloa  of  Altered  Steel  Layer..  See  paragraph  (f) 

on  page  46. 

The  types  of  failure  observed  are  as  follows j 
(a)  Cracking  of  the  chrooe  plate  producing  a block 

pattern. 


(b)  Pitting  of  the  chrone  plate  caused  by  the  resovsl 


of  a crack-isolated  block  of  chroalua. 

(c)  Abrasion  of  the  ebroae  plats  on  the  driving  edge 


of  the  lands. 
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(d)  Scoring  of  the  exposed  gun  stool  and  undercutting 
of  tho  chroma  plats* 

(2)  Meahanlsm  of  Chrome  Plate  Failure  under  Kronr-velocltr 
Conditions . Tho  aroslon  of  chromium  plated  boros,  presents  two  separata 
problems i (1)  the  erosion  of  the  barrel,  which  controls  primarily  the 
accuracy  life  of  the  gun;  and  (2)  the  erosion  of  the  forcing  cone,  which 
controls  primarily  the  nuzzle  velocity  of  the  bullet*  The  failure  of  the 
chrome  plate,  if  it  has  been  plated  properly,  always  begins  at  ths  breech 
end  of  the  plated  bore  with  the  result  that  ths  soeuraoy  lifs  is  always 
greater  than  ths  velocity  lifs  of  ths  gun* 

Observations  show  that  the  failure  of  the  chrome  plate 
usually  follows  the  same  pattern*  Briefly,  this  pattern  is  as  follows! 

(a)  Pronounced  cracking  of  the  Chroma  Plats*  Thar* 
is  some  svidsnes  that  oraoks  in  ths  chrome  plate  are  diving  eleo- 

trodepositlon*  Such  oraoks  often  originate  at  the  non-mstallio  inclusions 
in  ths  chTomiins-stsel  interface  and  occasionally  do  not  reach  ths  top  sur- 
face of  the  chrcmlua* 

After  firing  a few  rounds,  these  oraoks  ars  wider 
and  if  not  originally  present,  a new  set  of  cracks  has  formed  due  to  the 
expansion  of  the  bore  by  the  firing  pressure*  Also  the  chrome  plate  has 
been  heated  by  the  powder  gases  and  in  partially  annealing  a on  tracts 
linearly,  varying  from  0*ljf  for  L,C.  chrome  plate  to  1*0 > for  H.C.  chrome 
plate. 

The  stresses  on  ths  chroma  plate  surface  set  up 
by  the  above  conditions  ars  too  high  for  the  brittle  chrome  plate  with  the 
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result  that  tha  plata  craoks.  The  production  of  a more  duotila  plat a 
would  greatly  help  tha  performance  of  ilia  ohrorae  plata* 

'■v 

s. 

(b)  Curllm  uu  of  the  Edt>ae  of  tha  Blocks.  thereby 
Giving  tbe  rurfaco  a Hrlnklod  Apnaaranoa.  The  atreaaea  and  changes  oc- 
curring at  tha  bore  surface  during  firing  soon  causa  the  edges  of  tha 
chrome  plata  blocks  to  curl  up*  This  usually  results  in  inoroasad  re- 
sistance to  tha  aovoaent  of  tha  projectile  resulting  In  an  inorease  In 
powder  preaaure* 

(c)  gilUag  flcJlsaanl  of  .fflgtin  sLSbxsM 

Plata  In  the  Bore  Area  beyond .the  forcing  Cone,  This  behavior  Is  an  ad- 
vanced result  of  tha  failures  described  under  ^ and  ^ above*  The 
lnpaot  end  the  friction  of  the  bullet  cause  aovewent  of  the  blocks  of 
plate*  tfetallographio  cocsalnation  has  shown  blocks  which  are  no 
longer  aligned  with  one  another* 

Continued  lnpaot  on  these  blocks  soon  cause  their 
reaovml  leaving  exposed  steal  in  the  case  of  the  thicker  plates  or  ex- 
posed altered  layer  in  tha  case  of  tha  thinner  platen. 

(<*)  Raaoral  of  Chroma  Plate  from  tha  Edge  of  ths  Bullet 
Seat.  Because  of  the  geoastry  of  tha  bullet  seat*  the  edge  is  probably 
the  hottest  part  of  the  bore*  Failure  of  the  plate  usually  starts  at 
this  point  and  continued  firing  causes  undercutting  of  the  remaining 
chrome  plate  on  the  bullet  seat  area  and  tha  advance  of  the  plate  failure* 

(e)  Removal  of  Chrome  Plate  frflff  Engraving 

types  of  bullets  cause  complete  plate  removal  from  the  land  area*  This 
usually  starts  at  ths  point  where  the  lands  reach  their  greatest  height* 


a agasmi,— 

(2)  Ht.rvr.rd  Baport*  lUetNliogr'<phlo  Exactin'-. t Lon  of'  duo  Liners  nod  Costings 
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Thin  failure  suggests  that  the  atoel  boneath  tha  chroma  plata  is  deformed 
slightly. 

With  pro-engravod  bullets  tha  Tuner  ml  of  ohrorae 
plate  starts  at  tha  driving  odga  of  tha  lands.  Continued  firing  causes 
tha  advance  of  tha  plate  failure  toward  tha  muasla  and  across  the  lands 
to  the  non-driving  odga  until  the  plate  is  completely  romovod  from  the 
land  ares,  Tha  rata  of  failure,  however,  i3  considerably  leas  than  ths 
rate  of  failure  occurring  with  the  engraving  type  of  bullets* 

(f)  trailing  or  removal  of  Large  Areas  of  flaU-dUfl 
to  Undercutting  of  the  Plata.  The  increase  in  the  width  of  the  cracks 
permits  ths  hot  gsses  to  roach  the  steel  beneath  the  plate.  In  thin 
plates,  the  cracks  traversing  the  chromium  mushroom  into  cavities  where 
they  meet  the  altered  steel.  These  cavities  confine  theos elves  to  ths 
altered  layers  and  seldom  penetrate  into  unaltered  steel.  Growth  of 
these  cavities  soon  undercuts  the  chrome  plate  and  causes  ths  removal  of 
large  areas  of  plate. 

However,  if  the  chrome  plate  is  thicker  than  the 
critical  thickness  necessary  to  prevent  the  formation  of  tha  altered 
steel  layer,  there  is  no  undercutting  and  the  chromium  adheres  well  to 
the  steel  surface. 

The  pitting  of  the  chrome  plate  surface  described 
under  produces  small  areas  of  exposed  steel  or  areas  of  thinner 
plate  which  are  now  local  points  of  weakness  in  the  plated  surface.  Con- 
tinued firing  soon  causes  undercutting  of  the  adhering  plate  emanating 
from  these  areas  of  weakness, 
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(b)  Kroslon  Xgflfat  on  Cbroae..  Plated  Bores.  . 

(l)  Variables  Tested,.  The  following  variables  were  tested 
In  the  firing  teats  listed  in  Table  ' 

(a)  Tyros  of  Chrome  Hatef . Two  types  of  ohroae  plat* 
wore  tested:  namely,  Standard  ohroae  plate,  designated  as  II. C.  (High 
Contraction)  because  of  its  high  linear  contraction  when  heated,  and  Low 
Contraction  chrome  plate,  designated  as  L.C.. 

(b)  Tyres  of. Bore  Surface.  Chroeiui  was  plated  on  2 
types  of  surfaces:  namely,  machined  gun  iteel,  and  eloctro polished  gun 
steel* 

(c)  Thickness  of  Plate.  Plate  thickness  varied  tram 


0,7  ail  to  10  oils. 

(d)  Trees  of  Projectile.  Three  type*  of  bullet#  were 
fired:  ensnaring  tvref  such  as  Pali  K~2  and  copper  bended  artillery  type, 
tre-engrared  steel  banded,  and  IjftrtCftlfli  prr-fngmri  »**•!■  banded 
(Psreo-Lubrised). 

(e)  Types  of  Powder.  Three  typos  of  powder  were  used; 
123»  20<  !L2a  Double  Base,  and  Pallistlts.  a double  bese  powder  contain* 
ing  10%  nitroglycerin. 

(2)  Summary  of  Results. 

Table  XU  gives  a list  of  the  chrome  plated  liners  end 
barrels  tested  in  this  rrograa.  The  details  of  each  firing  test  are  given 


in  the  Appendix  (page  12f, 

A summary  of  the  results  of  the  variables  tested  Is  as 

follows: 

(a)  Tree  of  Chroae  Plate.  Two  types  of  chrome  plate 
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TABLE  XTI  - SUMMARY  OF  HRIUG  TESTS.  0H  CBEOaZ.  PUTZD  LIHERS  AMD  .B APPELS 

Praa.xtr*  Velocity 

Rda.  Advance  of  Land  Care  Drop  Drop  Hound 
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TABLE  XII  (Continued) 
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were  tested i (1)  Standard,  or  High  Contraction  (H.C.),  and  (2)  Low  Con- 
traction. 

Thn  ecsantlal  difference*  in  these  two  types  of 


plates  are: 


(1)  Standard  elate  eontraota  linearly,  about  1.0% 
and  low  contraction  plate  contracts  about  0.12  when  heated  to  1200®C. 


(2)  Standard  plate  hae  a hardneee  of  about  900 
Erinell  and  L.C.  plate  haa  a hardness  of  about  500  Brinell. 

(3)  L.C.  plate  haa  e lower  ohroalua  oxide  cootant. 

The  plating  conditions  ere  also  different.  Stand- 
ard plate  la  usually  deposited  at  50*7  and  20  asperse  per  square  dec las ter. 
Bow  Contraction  plate  is  deposited  et  85*0  end  80  aaperee  per  equere  deoi- 
aster.  The  exact  conditions  and  procedure  for  plating  nay  be  obtained 
froa  the  Bureau  of  Standards  Feport. 

A comparison  botneen  the  perforaanoe  of  the  H.C.  and 
L.C.  plates  ras  r.sde  with  1 nil  and  5 nil  plate  thickness  using  both  en- 
graving typos  of  bullets  and  pre-angraved  bullets. 

The  suiwnarjr  of  the  1 nil  results  was  obtained  fl*aa 
Tests  J(F10),  1(711),  and  J(F15)  for  the  engraving  type  ballets  end  fron 
Testa  J(F6),  J(F12),  and  -T<F13)  for  the  pro-engraved  type  bullet.  The  re- 
sults of  these  teste  shows 

(1)  Using  engraving  type  bullets  (Ball  SI-2  end 

A.T.),  the  L.C.  plate  was  slightly  better  at  the  beginning,  but  as  firing 
continued,  plate  failure  an  the  lends  end  grooves  was  greater  than  ob- 
served with  H.C.  plate. 


(2)  Using  pre-engraved  bullets,  the  L.C.  plate  is 
less  cracked,  more  adherent  and  generally  less  eroded  than  H.C.  plate. 

OTffsrcm 


The  summary  of  the  5 nil  results  was  obtained  fro* 

Teals  J(F20),  J(F24),  «J(F27),  J(F34)»  arid  J(F40)  for  the  engraving  type 

\ 

bullets  and  from  Tests  J(F16),  J(F17),  J(rl3),  and  L1(F3)  for  the  pre- 
engraved  type  bullet. 

The  results  of  these  tests  show: 

(1)  Using  engraving  type  bullets  the  type  of  plate 
applied  to  the  boro  surface  Is  of  little  Importance, 

(2)  Using  pre-engraved  bullets  there  Is  less  pit* 
ting  of  the  L.C.  plate  and  loss  wear  on  the  driving  edge  of  the  L.C.  plated 
lande.  In  general  L.C.  plato  wee  slightly  better  than  II. C.  plate  when  pre- 
engraved  bullets  were  fired. 

However,  because  of  the  difficulties  encountered 
in  plating  45  inch  barrels  with  L.C.  plate  to  the  desired  dimensions,  the 
slight  Improvement  la  performance  did  not  warrant  further  development. 

(b)  Type  of  Bore  Surface  Plated.  Chrome  plate  wee  de- 
posited on  two  types  of  gun  steel  surface:  namely,  eleotropollshed  and 
pacblnsd. 

Machining  say  leave  burrs  end  rough  edges  on  the 
land  corners,  which  arc  points  for  rapid  "treeing"  of  the  chrome  plate  dur- 
ing the  plating  operation.  These  high  points  are  soon  knocked  off  in  the 
first  firing  thereby  either  exposing  small  areas  of  gun  steel  or  producing 
areas  of  thinner  chroae  plate  which  are  sore  susceptible  to  thermal  failure. 

Comparison  of  Tests  J(P14),  J(F27),  J(?34)»  and 
J(F40)  which  were  eleotropollshed,  with  Tests  J(F24),  J(F2Q),  J(F17),  and 
J(F18)  which  were  nachined  overslse  for  the  chrome  plate,  shows  that  superi- 
or performance  is  obtained  Area  chrome  plate  deposited  on  an  eleotropollshed 
surface. 

As  a result  of  these  tests  it  has  been  the  procedure 
in  all  firing  te3t3  of  chroac  plated  barrels  to  oleotropollah  overslse  for 
the  thickness  of  the  chrome  plate  to  be  deposited.  However,  it  is  not 
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noceasary  to  remove  the  entire  amount  by  eleotropollahing,  It  has  been 
our  procedure  for  thick  chrome  plates  to  machine  oversize  all  but  the 
last  •002"  on  the  radius  and  then  eleetropollsh  the  regaining  ,002* » 

(e)  Thickness  of  Qhrome  Plate.  Altered  layers, 
similar  to  those  formed  on  unprotected  steel,  are  observed  In  the  steel 
underlying  thin  chrome  plates.  Whan  the  steel  la  protected  by  plating, 
the  hot  gases  should  hare  little  access  to  the  steel  except  at  craoka 
in  the  plating,  Nevertheless,  altered  steel  was  not  observed  concen- 
trated about  these  cracks.  These  facta  suggest  that  when  the  bore  sur- 
face la  coated  with  a protective  material,  heating  end  cooling  cycles  ere 
the  aost  Important  cause  of  alteration  of  the  steel* 

Since  the  foraation  of  the  altered  layer  la  a 
thermal  affect,  the  thickness  of  the  altered  layer  produoed  is  a func- 
tion of  the  plate  thickness  and  heat  content  of  the  powder  gases.  To 
prevent  the  foraation  of  the  altered  layer,  the  ohroae  plate  should  bo 
thick  enough  ao  that  the  temperature  at  the  steel -ohroae  plate  interface 
is  below  the  transition  temperature  of  the  gun  steel* 

Because  of  tha  transformation  of  the  gun  steel 
at  the  Interface,  thin  plates  add  very  little  to  the  performance  of  the 
gun. 

To  determine  the  effect  of  plate  thickness  on 
velocity  life,  several  barrels  were  fired  with  different  types  of  powder 
using  pre- engraved  bullets.  The  plate  thickness  varied  frea  ,002”  to 
,006"  and  were  deposited  on  electropollahed  surfaces. 

The  posders  tided  were  single  base  IUR  type,  a 
double  base  powder  containing  20;?  nitroglycerin,  and  a double  base  powder 
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containing  40jC  nitroglycerin,  haring  flaae  temperatures  of  29lOaX,  3560*K, 
and  3945*X, respectively.  The  results  of  these  teste  are  shoes  graphically 
on  Figure  Id* 

These  data  shorn* 

(1)  *0C6"  chrone  plate  glees  little  improvement  . 
over  gun  steel  when  a 40*  N.G.  powder  is  used* 

(2)  The  beet  performance  is  obtained  with  a 
plate  that  is  *006"  thick  when  20*  N.G.  and  HB  powders  are  used* 

fioreseope  exsainetioo  of  the  plated  surface  at 
different  stages  shoved  that  less  snaking  is  observed  with  the  thinner 
plates  and  very  pronounced  cracking  is  observed  with  the  thicker  plates* 
In  a series  of  firings  to  determine  the  thickness  of  plate  required  to 
prevent  the  f creation  of  the  altered  layer  (Tests  J-?6l  to  J-772),  s»> 
**4mMwi  shoved  fracture  and  removal  of  the  plate  from  the  lands  shoe 
the  plate  thickness  sas  *008"*  This  removal  saa  due  entirely  to  the 
brittle  nature  of  the  ohrona  {date* 

Until  the  ductility  of  the  ohroae  plate  is  im- 
proved, it  appears  that  the  optimum  duress  plate  thickness  la  *006"  to 
,007"  for  a hyper- velocity  gun* 

Ballistic  performance  and  eetallographio  aimaliv- 
atlcn  are  In  good  agrssesnt*  The  beet  perforvanoe  is  obtained  with  *005" 
to  *006"  chrome  plates  and  if  the  plate  la  that  thick,  no  altered  layer 
is  formed  at  the  interface*  The  shorter  velocity  life  with  the  thinner 
plates  is  confined  by  astallogrsphis  axial  nation*  Altered  layers  era 
farmed  beneath  the  thin  plates  end  undercutting  of  the  plate  by  erosion 
of  ths  altered  layer  soon  oeeurs  after  a short  nunber  of  rcands* 
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(d)  Tyi.c3  of  TroloctUo^  The  lack  of  ductility  in 
the  chrcme  plate  is  very  clearly  shown  in  th#  comparison  bo tween  the  per- 
formance with  pro- engraved  bullets  and  the  usual  ongraving  type  bullets* 

The  engraving  stresses  and  abrasive  wear  on  the  chrome  plate  surface  pro* 
duccd  by  the  engraving  of  th#  projectilo  very  materially  shorten  the  life 
of  the  chrome  plate* 

Three  types  of  bullets  were  tosiedt  .namely* (1) 
engraving  types  such  as  iiall  M-2  and  copper  banded  artillery  bullets* 

(2)  steel  pro-engraved  bullets*  and  (3)  lubricated  (Parco  hubrlssd)  steel 
pro-engraved  bullets . 

The  steel  pro- engraved  bullet  reduces  the  engrav- 
ing stresses  to  a minimum,  and  the  lubricated  pre-engraved  bullet  raduocs 
the  abrasion  due  to  friction  to  a ■Inins,  The  typo  of  bullet  used  does 
not  affoct  the  frequency  and  the  depth  of  cracking  of  the  ohroae  plate, 
nor  the  thickness  of  the  altered  layer  formed  at  the  steel  interface. 

A comparison  of  the  benevlor  of  ,0 05"  ebrone 
plate  using  artillary  type,  steel  pre-engraved  and  Parco  Lubrlsed  pre- 
engraved bullets  is  shown  graphically  in  Figure  19. 

The  ohroae  plate  protects  the  steel  surface  for 
a definite  period*  This  period  of  protection  is  much  shorter  for  the 
engraving  type  bullets*  As  soon  as  gun  steel  is  exposed  to  the  erosive 
effect*  of  the  powder  gases,  the  rate  of  erosion  increases  very  rapidly* 

Parco  hubrised  pre-engraved  bullets  give  the  longest  protection  period 
and  the  lowest  erosion  rate  after  the  gun  steel  hss  been  exposed* 

The  effect  of  the  bullet  type  on  performance  of 
the  *005"  chrome  plate  is  shown  in  the  following  tsblet 
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msim, 

Rffoot  oC  Bullet .Typo  pn-Qhraai.plate . Barf  ormagg 


Test 

Bora 

Surface 

Ponder 

Bullat 

Bounds  Fired  for 
a Velocity  Drop 
of  200  f.n.a. 

0(P6,  12) 

Cun  Stowl 

D.B. 

A.T. 

95 

U(F5,  9) 

Gun  Steal 

a 

P.E. 

240 

J(F20,  34,  40) 

.005"  Cr 

ft 

A.T. 

220 

Ll(FS) 

.005"  Cr 

» 

P.E. 

975 

L1(F1S) 

.005"  Cr 

it 

Parco- 

1875 

Lubrised  P.E. 

The  progress  of  velocity  change  ia  shown  graph- 

loall/  on  Figure  20. 

Thaaa  results  showi  (1)  tha  performance  of  the  ■*¥» 

ohroaa  plat#  is  graatigr  lnfluanoad  ty  tha  type  of  bullat  that  la  used; 

(2)  engraving  straws  as  and  friction  play  an  iaportant  part  In  tha  failura 
of  tha  ohrome  plate;  (3)  and  tha  baat  parforaanca  la  obtalnad  with  a 
lubrlcatad  (Parco-Lubrizad)  pre-engraved  bullat, 

(a)  Trees  of  Fowler..  One  of  tha  main  factor a In  the 
failura  of  ohroaa  plate  la  tha  formation  of  an  altered  steal  layer  at  tha 
interface.  Since  tha  formation  of  this  altered  layer  la  a thermal  trans- 
formation, it  la  not  surprising  that  tha  flaae  temperature  of  tha  powder 
used  ia  an  Important  factor  in  tha  ballistic  performance  of  tha  ohroaa 
plated  gun. 

Several  barrels  ware  plated  with  .005"  to  .006" 
chroma  plate  on  eleetropollahed  gun  steal  and  fired  with  pre-engraved  bullets. 

Three  types  of  powder  mars  used*  namely,  single 


base  IMR  typa,  a double  base  powder  containing  20%  nitroglycerin,  and  a 
d cubit  base  powder  containing  40%  nitroglycerin. 
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The  fluae  temperatures  of  these  powders  were 
'£)L,Wt  3560“?  and  3c-45'*<f»  rt>a;celiTely.  Iho  bxrrol*  vara  fired  until 
a drop  in  velocity  of  200  f.p.3.  van  observed ♦. 

A comparison  of  the  land  erosion  at  the  origin 
of  rifling  in  *ho*n  graphically  on  Figure  21  fort 

1,  Plain  giut  steel  and  ,0^"  Cr  plate  using 
4 02  nitroglycerin  ponder, 

2,  Plain  gun  steel  and  •005"  Cr  plata  using 
20?  nitroglycerin  powdor. 

3,  Plain  gun  steel  und  ,006"  Cr  plata  using 

ITS  powder. 

The  affect  of  tha  powder  flaaa  teaparatura  on 
the  performance  of  tha  ohroaa  plata  la  shown  in  tha  following  table* 

T^m., 


Bora 

..Sarfast. 


Flaaa 

I’-^DTatura 


Bounds  Fired  for 
s Velooity  Drop 


K(F43) 

Cun  Steal 

402  N.G. 

3945°K 

P.E. 

TO 

J(F1U) 

.005''  Cr 

402  N.G. 

3945° K 

m 

100 

U(F5,  9) 

Gun  Steal 

202  N.G. 

3560*K 

N 

240 

U(F8) 

.005"  Cr 

202  N.G. 

3560°X 

• 

975 

U(F19) 

Gun  Steal 

I'iH 

2940’K 

355 

J(F104) 

,00 A"  Cr 

IMR 

2940*JC 

2970 

Tha  progress  of  Telocity  change  is  shown  graph- 
ically on  Figure  22, 

Tbeee  results  ehowt  (1)  ,006”  ohroaa  falls  to 
protect  gun  steel  against  tha  eroelre  affects  of  a 40?  N.G.  powder.  The 
failure  of  the  Cr  plata  started  at  the  edge  of  the  bullet  seat  and  ad- 
vanced eery  rapidly.  Thera  is  a possibility  that  the  Cr  plate  on  the 
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edge  of  the  bullet  seat  may  liava  been  molted j (2)  Tho  bo3t  Inoreaoe  in 
performance  of  the  chrcae  plate  io  obtained  with  the  cooler  1MI  powder. 
Cr  plate  increased  the  velocity  life  of  tlxe  gun  using  pro-engraved 
bullets  and  N.G.  powder  from  70  to  1£0  rounds,  a factor  of  2j  using 
202  N.G.  powder  froa  240  to  975  rounds,  a factor  of  4t  and  using  IUR 
powder  from  350  to  2970  pounds,  a factor  of  8.5. 

(3)  Conclusions. 

The  data  observed  in  the  testing  of  chrone  plated 

bores  shows 


(a)  Chrone  plate  in  resistant  to  attack  by  the  ponder 

gasea  (melting). 

(b)  Thickness  of  ohrcaiua  rather  than  the  type  of 
plate  controls  the  erosion. 

(o)  An  optiaun  thickness  of  .006"  chrcae  plate  la 
necessary  to  prevent  formation  of  an  altered  steel  layer  at  the  interface 
under  the  conditions  prevailing  in  the  Erosion  Testing  Gun. 

(d)  An  electropoliahed  surface  is  better  than  a ma- 
chined surface  as  a base  for  the  chrome  plate.  It  is  recommended  that 
for  thick  chrome  plates,  the  last  .002"  on  radius  be  electropoliahed . 

(e)  The  failure  of  chrcae  plate  is  due  mainly  to  the 
brittleness  and  lack  of  ductility  of  the  cturoao  plate.  The  mechanical 
stresses  set  up  during  the  engraving  of  the  projectile  and  the  thermal 
stresses  produced  during  the  heating  of  the  surface  accelerate  the  failure 
of  the  chrome  plate. 

(f)  The  optimum  thickness  of  chrome  plate  ( .005”  to 
.006”)  on  a gun  steel  bore  will  double  the  velocity  life  of  a gun  when 

CONFIDENTIAL 


uuJLng  engraving  type  bullets  (Pp.11  V-2  nw!  A.T.).  The  improvement  of  a 
oliroae  plated  bora  uulr.t;  A.T.  Vullotn  wr  jmn  nt**l  is  shown  graph- 
ically ou  Figures  23  arid  24. 

_(B>  The  tyro  of  bullet  used  ve ry  materially  affoots 
the  chraa a plate  performance,  The  elimination  of  engraving  stresses  by 
the  use  of  pro-engraved  billets  will  increase  the  velocity  life  of  the 
gun  about  ten-fcld.  The  further  elimination  of  friotioa  by  the  use  of 
Parco-Lubriaed  pre-cngrav»d  bullets  will  increase  the  velocity  life  of 
tho  gun  about  twenty- fold . 

The  improtenent  of  a chrome  plated  bore  over  gum 
atsel  using  pro- engraved  and  Parco-Lubrised  p re-engraved  bullets  is  shown 
graphically  on  Figures  25  orvi  26. 
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2.  Cobalt  'Vii  • LUrTliiraisa  -Uloy  Plates* 


'fho  oloutropluting  of  tho  Liners  dencribed  in  this  uootion 
mas  dona  tit  bite  National  Nuroau  of  Standards.  The  conditions  :nd  details 
of  the  plating  procedure  may  he  obtained  from  the  bureau  of  Standard 
Reports. 

(a)  KroHon  Res  la  bint  Proportion  of  Cobalt  end  Cobtat-Tnngstsn 

Alloys* 

Tha  nolting  point  ( lAdO^C)  and  thermal  conductivity  of  oobelt 
(0.165  oal/caV3oc^/nC)  are  approximately  the  sane  ae  gun  steel.  It  is. 
thereforef  not  surprising  that  the  cobalt  surface  should  fail  by  thermal 
attack  (selling) . 

Cobalt  has  crofter  ductility  than  chromium}  however,  its 
lower  hardness  and  greater  ductility  are  such  that  it  nay  not  be  abl* 
to  resist  the  swaging  action  of  the  bullet. 

Chemically  a cobalt  surfaoe  is  superior  to  a steel  surfacs. 

The  addition  of  tungsten  to  fora  a cobalt- tungsten  alloy 
should  raise  the  melting  point.  At  the  same  time  the  thermal  conductivity 
is  reduced  considerably,  with  the  result  that  tha  Co-3  alloy  surfaoe  is 
at  a higher  temperature  than  the  pure  Co  surface. 

The  cobalt- tungsten  alloys  are  harder  than  cobalt.  This 
hardness  can  be  increased  by  heat- treatment  for  one  hour  at  600*C  In 
Vacuo. 

(1)  Types  of  Failures  Observed 

In  general  the  types  of  failure  observed  in  the  testing 
of  the  cobalt  and  cobalt-tungsten  plated  liners  may  be  attributed  toi 
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low  VolHflS  Point  - All  the  Ilnurs  tested  fuilod 
duo  to  gas  erosion  (nulling  of  the  surface),  Double  I'uao  (20? 
powder  win  usd  under  standard  conditions  In  all  teats. 

Poor  Adhesion  and  1 ritlloneja  - In  tliy  alloy  plating 
containing  20?  tangs  ton  ths  bond  to  tho  steel  surface  me  vary  poor 
(Test  J(735)). 

The  typos  of  failure  obuorvod  are  as  follow** 

(a)  Molting  and  scoring  of  tho  plated  surface, 

(b)  Cracking  of  tho  Cc~?t  plate, 

(b)  Sroalon-Iaa.ta-fia-CfllaIt.ftna  CoUIt-Iunrstan  Plated  Linars 

(1)  Varlabloa  Tasted.  The  following  variables  were 
testod  In  the  firing  tests  outlined  below* 

(a)  Composition  .of  the  Tlate 

Pur*  Co  plate  nnd  cobalt,  plates  containing  approxi- 
mately 5%,  14?,  18?  and  20?  tungsten  were  tested, 

(b)  Hoot _Treataeat  of  the  Plato 

Soae  of  the  cobalt- tungsten  platsa  (Teats  J-F35, 
and  J-F38)  were  given  a heat  treatment  at  600’C  In  Vacuo  for  one  hour  in 
order  to  lnprove  the  hardness  and  resistance  to  the  swaging  action  of  the 
bullet, 

(2)  Summary  of  Results 

. Table  gives  a list  of  the  cobalt  and  cobalt- 
tungsten  alloy  plates  tested  in  this  program,  The  details  of  each  firing 
test  are  given  in  the  Appendix  (pagel45),  A comparison  of  the  advance  of 
the  land  plug  gages  for  the  cobalt  arid  cobalt-tungsten  plated  liners  and 
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TABL5  XV  - SUlIilARX  OF  FIRIKC  TESTS  OH  COBALT  AMD  COBALT. 
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and  the  control  gun  steel  llnor  is  shown  on  fig,  27,  A sumary  of  the 
results  of  the  variableu  tested  is  as  fol Lows t 
(a)  £23203  Uly.3 

One  cobalt  plated  liner  was  tested  (Tost  J-F36), 
Severe  fas  erosion  and  scoring  of  the  aobnlt  surface  ooourrod  beyond 
one  inoh  from  the  origin  of  rifling.  The  ndhos.ton  of  the  oobalt  plate 
waa  excellent  and  there  vma  no  c rooming  or  pitting  of  the  oobalt  plate 
which  is  oharaaterlsltic  of  chromium  plate.  Slight  swaging  of  the  lands 
was  nlso  observed. 

However)  the  plate  looked  the  thermal  oharaoter- 
ietlos  to  resist  melting  by  tho  powder  gases  under  hypervelooity  condi- 
tions. 


Four  cobalt- t\mgaten  alloy  plated  liners  in  whloh 
the  tungsten  content  varied  from  55  to  205,  were  tested  (Tests  J-F35* 

J-F37,  J-F39  and  J-F42). 

The  results  of  these  tests  shows  (l)  poor 
resistance  of  cobalt-tungsten  plates  to  gas  erosion  (melting),  (2)  in- 
creased brittleness  and  cracking  with  Increasing  tungsten  content,  (3) 
poor  adhesion  of  the  205  tungsten  plate  to  gun  steel, 

(b)  Heat  Treatnent  of  the  Cobalt-Tungsten  Plate 
Two  heat  treated  cobalt-tungsten  plates  were 
tested  (Tests  J-F35  and  J-F38).  The  test  data  showed  no  improvement  in 
the  heat  treated  plates* 

(3)  Conclusions 

Cobalt  and  oobalt- tungsten  alloy  plates  are  not  suitable 
far  proteotion  of  a gun  steel  surface  under  hypervelooity  conditions, 
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3.  Nlckel-Tuni'ii^on  Allov  i’latcs 

The  electroplating  01'  th-'  lin  ers  'Inscribed  in  thi3  sicti  n was 

\. 

dona  »t  the  National  bureau  of  Standards.  Th?  conditions  and  details 
of  the  plating  procedure  may  be  obtnlnt?d  from  the  bureau  of  Standards 
Reporta, 


The  melting  point  of  nickel  (1452®C)  13  too  low  to  have 
good  erosion  resistant  properties  in  a hypervolocii-y  gun.  The  nickel- 
tungsten  alleys  have  a slightly  higher  melting  point  tut  at  the  name  time 
the  thermal  conductivity  is  reduced* 

(l)  Types  of  Failures  Observed 

The  failure  observed  in  the  testing  of  the  nickel- 
tungsten  plated  liners  may  be  attributed  tot 

fo>f  Point.  All  liners  failed  dus  to  poor 

resist*.'!  to  gas  erosion  (melting  of  the  surface). 


(1)  Variable s Te3ted.  Ths  following  variable  was  tested 
in  the  firings  outlined  below  1 

(a)  heat  Treatment  of  the  Plata 

. One  plated  liner  (Xe3t  J-F33)  was  heated  at  600*C 
for  1 hour  in  Vacuo  in  order  to  increase  the  hardness  of  the  plate. 

(2)  Sumjftpr  of  Results 

Table  Til  gives  a list  of  the  nickel-tungsten  alloy 
plates,  k comparison  of  the  advance  of  the  land  plug  gages  for  ths  nickel- 
tungsten  plated  liners  and  the  control  gun  steel  liner  ia-ahown  in  Fig. 
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Tho  details  of  onoi.  firing  toot  are  given  in  the  Appendix  (pageU3)« 

A su-rmry  of  tho  r-rsult3  of  the  two  tests  is  as  follow*! 

(*)  CogpoglV.on  and  Heat  Treatment 

Tiro  liners  were  tested  having  a composition 
approximately  15%  nickel  and  25?  tungsten. 

Cue  linor  was  tasted  as  plated  and  the  second 
liner  was  heated  at  COO°C  for  one  hour  in  Vacuo  to  harden  the  plate. 

The  data  from  these  tests  shows 

(1)  Both  plates  were  cere rely  eroded  for  the 
full  longth  of  the  liner.  Practically  100£  of  the.  plate  was  salted  from 
the  surface, 

(2)  Peat  treatment  of  the  plate  gave  no  better 

performance, 

(3)  gsasluaigia 

Nickel- tungsten  alloy  plates  do  not  have  the  proper 
thermal  properties  to  resist  gaa  erosion  under  hypervelocity  Conditions, 
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4.  DdPlm  jb  tag.. 

Ttia  electroplating  of  too  llnors  described  in  tnia  unction  was 
Jono  at  tho  National  liuror.u  of  standards*  Thu  conditions  and  details  of  the 
plating  procedure  may  be  obtained  from  the  Bureau  of  Standards  report* 

(a)  Erosion  Resistant  Froportlos  of  tho  Duplex  ?1  tea  Tested* 

All  the  duplex  plates  teutod  have  used  chromium  as  the  mein  plate  to  protect 
the  gun  steel  against  the  thermal  effects  of  tits  powder  gases*  Various 
secondary  plates  hare  been  tried  to  correct  the  causes  of  fsllurc  of  the 
chromium  plats* 

Ths  various  duplex  plates  and  the  function  of  the  secondary 
plate  firm  listed  below* 

(b)  Erosion  Tests  on  Bualex  Plates. 

(1)  Variables  Tested*  The  following  variables  sere  tested 
In  the  firing  tests  outlined  bslowt 

(a)  Cooper  plate  on  thin  chromium  plate.  The  purpose 
of  ths  copper  plats  was  to  fill  the  cracks  in  the  chromium  plate  during  the 
first  round  fired* 

(b)  Chrowiun  piste  on  cooper  plate.  The  purpose  of  the 
copper  plate  was  to  seel  the  cracks  extending  through  the  chrome  plate  and 
prevent  the  powder  gases  from  undercutting  the  chrome  pl  te. 

(e)  Chromium  plats  on  nickel  plate*  The  purpose  was  the 

asms  as  under  (b}« 

(d)  Chromium  Plate  on  nickel  plats  on  copper  plats* 

The  purpose  was  the  same  as  under  (b)  sod  (c). 
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(o)  Chromium  oJUte  on  a slllcotv-chrvaa-coaoor*  Alloy. 
Th.i  purpose  of  this  teat  wig  to  determine  the  behavior.  of  the  chroma  pirte 
on  a bao«  .»hich  produced  no  altered  layer. 

(0  Chroialua  Pi  te  on  c •> bait- tungsten  plate.  The 
purpose  viuu  to  improve  tne  bond  at  the  atoel  interf.-ce  by  Increasing  the 
ductility. 

( g ) Chromium  plate  on  cobelt  plats.  The  purpose- 
the  eeae  as  under  (f). 

(2)  Summary  of  Results*  Table  XVEE  gives  « list  of  the 
duplex  plates  tooted  in  this  program.  The  details  of  e>  ch  firing  test  are 
given  in  the  Appendix  (page  149  )i 

A coapsrison  of  the  advance  of  the  land  plug  gages  for 
the  cabalt-chrominm  duplex  plated  liners  and  the  control  gun  steel  liner  is 
shorn  in  Figure  29* 

A summary  of  the  results  of  the  variables  tested  Is  as 


follows I 


(a)  Cooper  plate  on  thin  coooor  plate.  One  liner  was 
tested  having  0.2  ail  copper  plate  on  0.7  nil  ehromiua  plate.  In  35  rounds 
the  copper  piste  was  completely  raeoved  and  the  ofcroae  plate  eroded  at  the  O.R 

(b)  Chromium  plate  on  cooper  plate.  One  liner  was  tested 
having  1 all  chroaiua  plate  on  1 nil  copper  plate.  In  SO  rounds  the  chroma 
plate  was  removed  from  all  the  lands.  The  copper  undercoat  had  been  heated 

to  a plastic  state  so  th^t  the  stresses  of  the  bullet  had  rubbed  the  chrome 
plate  off  all  the  lands.  Examination  of  the  plate  adhering  in  the  grooves 
showed  that  crack#  in  the  chromium  did  not  enter  the  underlying  cooper  piste 
which  thus  acted  as  a seal. 
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(o)  Chroaiua  ji".te  on  nickal  olfito*  One  liner  w*s 
tot. ted  hiring  1 ail  chroaiua  plate  on  1 uil  nickal  pl/>te.  In  30  rounds  tha 
pli.ta  was  roraoved  for  a distance  of  2 Inches#  It  whs  found  thst  tha  nickal 
becomes  plastic  in  tha  oaaa  aannor  as  the  copper*  Tha  nickal  pli.te  differed 
notably  froa  tiia  copper  plate  in  that  it  cracked  around  tha  crystal  grains 
and  admitted  the  gcsea  to  tha  undarlying  steel* 

(d)  Chroaiua  plots  on  nickel  Plata  on  cooper  slats. 

Ona  liner  was  tested  haring  1 ail  chroaiua  pints  on  1 all  nickel  pints  on 
1 ail  copper  plate*  Tha  behavior  of  this  liner  was  tha  saas  «s  the  liner 
under  (c). 

(a)  Chroaiua  pL-te  on  n slllcon-chroaa-copper  alloy* 

One  liner  was  tasted  haring  5 ails  chroaiua  plate  on  a base  which  would  not 
glra  an  altered  layer*  However,  the  salting  point  and  heat  conductivity  of 
the  bese  natal  was  low  with  the  result  that  Bolting  or  softening  occurred  at 
tha  chroaiua  plate-copper  alloy  interface*  Plate  was  removed  froa  the  bora 
surface  for  1-1/2  inches  during  ten  rounds  fired. 

(f)  Chroaiua  alete  on  cobalt- tungsten  plate.  Two  liners 
were  tested  haring  2 ails  chroaiua  plate  on  7 and  8 ails  cobalt- tun gs tea  plate 
(Testa  J(F43)  and  J(F96))*  In  Test  J(F96)  the  cobalt-tungsten  plate  was 
heated  at  90Q*C  for  one  hour* 

The  results  of  the  teats  show 

(1)  The  adhesion  of  the  chroae  plate  to  the 
cobalt-tungsten  plate  was  poor  in  the  heat  treated  liner* 

(2)  Poor  local  adherence  of  the  cobelt- tungsten 
plate  to  the  gun  steel  surfsoa* 
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(3)  S<;v<>r«  ir.n  oroulen  of  iny  exposed  cobalt- 

tunguten  plate* 

(*)  Chrofaluni  on  cobalt  ’>bito.  Three  liners  war* 

t<  s>t«id  huvlng  approximately  3 alls  chroalu*  pli*te  on  7 alls  cobilt  plats 
(Teats  J(?44)»  J(791)  and  j(F92)).  In  Tsst  J(F9»)  the  cobalt  plats  *as  bested 
at  900aC  1* or  one  hour. 

Tho  results  of  the  testa  show 

(1)  Excellent  protection  of  tho  gun  steal  surface 
igainot  powder  gne  erosion  iu  obtained  by  a chromium-cobalt  duplex  plate* 

(2)  Swaging  of  the  cobalt  undercoat  h*n  boon  ob- 

aorved. 

(3)  The  Adhesion  of  the  cobalt  plrte  to  gun  steel 
and  the  chromium  pl.-.ta  to  the  cobalt  piste  is  good. 

3.  Con^lm^oftffj. 

(a)  The  chroaium-cobalt-tungsten  duplex  plates  do  not 
gire  good  performance  under  conditions  of  hypervelocity. 

(b)  The  chroaiua-cobalt  duplex  pints  offers  promise  in 
a hyperrelocity  gun  using  pre- engraved  projectiles.  The  performance  should 
be  better  than  chromium  piste  alone. 

(c)  The  chroaiua-cobalt  duplex  plots  should  give  better 
performance  than  chroaium  plated  muscle  sections  in  gone  using  molybdenum  or 
chrome  base  alloy  liners. 
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5.  Molybdenua  Ek!j 


The  plating  froa  tha  vapor  phase  of  the  gun  atnel  and  Stellite 
#21  linora  described  in  this  section  was  dona  at  tho  Sail  Talephona 
Laboratories  undor  Contraot  OEMsr-1124  Tha  conditions  and  dotalla  of 
tha  plating  procedure  nay  be  obtained  froa  the  Sell  Telephone  Laboratories 
report. 

(a)  Erosion  Resistant  Properties  of  .Volybdonun  Plate 

The  high  malting  point  and  excellent  oheaioal  properties  of 
Molybdenum  should  oaks  an  Ideal  plate  to  protect  a gun  steel  or  a stellite 
surfaoe*  The  molybdenum  is  plated  on  the  bore  surface  froa  molybdenum 
carbonyl  vapor  under  carefully  controlled  conditions.  Under  conditions 
of  beat  molybdenum  can  react  with  other  elements  to  produce  brittle  inter- 
metallic  compounds.  The  Tarnation  of  these  brittle  lnteraetallio  com- 
pounds has  been  the  principal  cause  of  the  failure  of  the  molybdenuw  plate 
on  gun  steel  and  stellite  surfaces* 

(1)  Trees  of  Failure. 

The  type  of  failure  observed  In  Mo  plated  liners  nay 

be  attributed  toi 

Formation  of  Intermatnllla  c«iinnundmr  at  the  molybdenum- 
liner  metal  interface,  thereby  weakening  tha  bond  of  the  Uo  to  tho  liner 
natal  and  oausing  the  metal  fee  flake  off  the  surfaoe* 

Low  Coefficient  Of  &rrM.nfion-  The  large  difference  In 
the  ooeffloient  of  expansion  between  molybdenum  and  stellite  or  gun  steel 
produces  large  stresses  at  the  Interface  during  firing* 

These  stresses  together  with  the  weakened  bond  caused 
by  the  formation  of  Internetalllo  compounds  aeoslerate  the  failure  of  the 
molybdenua  plate. 
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The  typos  of  foilura  observed  in  the  Mo  plated  gun 
stool  and  atallite  liners  can  be  grouped  an  follows! 

(a)  Flaking  of  tho  ”o  Plato  from .Surface! 

In  all  liners  testod,  the  Mo  plate  failed  in  this 
manner*  The  manner  in  which  the  plate  foled  was  the  same  in  all  liners! 
naoelj  - (1)  the  formation  of  a dark  area}  (2)  blistering  of  this  dark 
area)  (3)  cracks  radiating  from  the  center  of  the  blister)  (4)  complete 
res oral  of  the  plate  from  the  blistered  area)  ( 5)  undercutting  of  the 
plate  starting  from  the  exposed  gun  steel  or  stellite*  With  double  bees 
powder  the  exposed  stellite  eroded  faster  than  gun  steel  and  produced  deep 
soaring  In  tbs  stellite  base* 

(b)  Erosion  Tests  on  Molybdenum  Plated  Gun  Steel  Liners 

(1)  VulahlM  laatri.  The  following  variables  were  tested 
in  the  firing  tests  given  in  Table  XVIII. 

(a)  Type  of  Molybdenum  plate  - hard  and  soft 

(fa)  Thickness  of  plate 

(o)  Different  metals  at  the  Mo  interface 

(d)  Decarburization  of  the  gun  steel  surfaoe 

(e)  Type  of  powder 

(2)  Firing  Schedule. 

In  the  early  tests*  Schedule  II  with  double  base  powder 
was  followed*  Failure  occurred  in  such  a short  number  of  rounds  fired* 
a less  severs  firing  schedule  was  adopted  for  the  Mo  plated  liners* 
Schedule  V is  as  follows i 


/V 

\- 


Sohodula  V 


5 rounds  - 30 0 grain 

Pressure  (p.a.l.  Cm) 

ohargs 

5 rounds  - 350  grain 

25000  - 30000 

2600  - 2800 

cliargs 

5 rounds  - 400  grain 

35000  - 40000 

3000  - 3100 

ohargs 

5 rounds  - 450  grain 

40000  - 46000 

3200  - 3300 

ohargs 

10  rounds  - 450-476 

49000  - 55000 

3350  - 3500 

grain  ohargs 

56OOO  - 58000 

3600  - 3700 

60  rounds  - Erosion  at 
established 

OhmTfS 

10  rounds  - Pressure 
change 


130  rounds  - Erosion  at 
sstabllshsd 
ehargs 

10  rounds  - Prsssurs 
change 


Bore  scope  examination  of  tbs  surface  was  sads  after 
each  5 round  group,  and  after  30,  100  and  240  rounds* 

Gage  measurements  were  nede  after  100  and  240  rounds* 
(3)  gaaag  «?f 

Table  XV m gives  a list  of  the  Holybdemia  plated  gun 
steel  liners  tes ted odn? this  prograa,  showing  the  principal  variables  in 
eaoh  test.  The  details  of  each  firing  test  are  given  in  the  Appendix, 
(pagsl53). 

A sunaarjr  of  the  results  of  the  variables  testsd  is  as 

follows t 
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(a)  Xyr9.gf..?irijfMOTWi  FUtg 

Two  tyiea  of  molybdenum  plate  were  tested*  (1)  The 
hard  tvrs  produced  by  plating  with  2>'  water  vapor  in  the  carbon  monoxide  - 
molybdenum  carbonyl  mixture,  and,  (2)  the  soft  type,  produced  by  plating 
with  10>  water  vapor  in  the  mixture*  A comparison  of  tests  J ( h'34)  and 
J(F75)  shows  that  the  soft  type  plate  adheres  to  the  surface  for  a greater 
number  of  rounds  than  the  hard  type  plate* 

(b)  Thickness  of  Molybdenum  Plate 

Since  the  plate  failure  due  to  the  formation  of 
in terse talllo  compounds  is  caused  by  the  thermal  effeote  at  the  interface, 
the  thickness  of  the  plate  should  determine  the  behavior  of  the  plate  in 
firing*  Molybdenum  plate  thiokness  was  varied  from  2,5  alls  to  10  alls* 

A comparison  of  tests  J(F25)»  J(F75)  and  J(F105)  showsd  praotically  no 
laproveaent  with  the  10  ail  coating*  Severe  failure  of  the  plate  occurred 
In  100  rounda  with  double  base  powder* 

(c)  PUftrwt-altfrflfl  ft*  MfiiTMwaa  latutMi 

Different  metals  were  electroplated  on  the  steel 
surface  in  an  attempt  to  prevent  the  formation  of  the  brittle  interne tallio 
compounds*  The  thickness  of  the  "sandwiching*  metal  varied  Area  0*1  all 
to  0*5  all*  The  fallowing  Betels  were  tried*  (1)  cobalt,  (2)  nickel, 

(3)  platinum. 

The  beet  plate  was  0*1  all  cobalt  with  5 ails 
soft  type  molybdenum  plate*  However,  severe  failure  occurred  after  240 
rounds  with  IHR  powder* 
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TABLE  XIX  (Continued) 
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Duo?  rborl^wtl  -f>  of  tin)  Cun  M.f*l  ?:urf:  ce* 


(u) 

fi  pm  iitool  llnar  we. a pitted  with  molybdenum  of  tor 
removing  moi>t  of  tne  carbon  from  tua  bore  aurl't'Co.  A coop  rlson  between  tout* 
J(F 54)  tad  J(773)  showed  little  lnprovnent  in  the  adherence  of  the  nalybdenu* 

pit!  tftt  • 

(e)  Type  of  Powder. 

The  molybdenum  plates  uero  tested  with  two  typos  of 
powder}  namely,  (1)  1101  type,  flume  temperature  2940®K  sad  (2)  double  boa* 
containing  23%  nitroglycerin,  flame  temperature  3560*K. 

The  higher  potential  powder  produced  the  moat  severe 
failure  end  also  cctiaed  failure  in  the  smallest  number  of  rounds* 

A Duaa  .ry  of  the  results  of  the  molybdenum  plated 
gun  steel  liners  is  given  in  Tabls  ^X. 

(c)  Erosion  Teats  on  Molybdenum  Plntad  Stellite  Liners* 

(1)  Variables  Tested*  Tne  following  variables  wero  tested 
In  the  teats  given  In  Table  ***• 

(a)  Type  of  molybdenum  plate 

(b)  Bonding  temperature 

(c)  Thickness  of  plate 

(d)  Type  of  powder 

(2)  Firing  Schedule, 

Schedule  V was  followed  using  IUR  powder  for  the  less 
severe  schedule  and  double  base  powder  for  the  more  severe  schedule* 

(3)  Samoa ry  of  Results* 

Table**  gives  a list  of  the  molybdenum  plated  stellite 
liners  tested  in  this  program,  showing  the  principal  variables  in  each  test* 
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Tats  dot«ila  of  o c!»  firing  test  an  iflven  in  tho  Apomdix  (?’  ,?e  159  )• 

aiLn  .ury  of  trie  results  of  tho  v^rL-’ bioa  t*>nt.;d  la 

as  f.llowsj 

(a)  Tvoe  of  Moly'O'.t-uua  Plate. 

Tvo  typ»s  of  .tol/bdcnua  piste  **r<i  tented*  (1)  the 
h'trd  t/io,  produced  by  pi. ting  with  2%  tutor  vr.por  la  the  carbon  aonoxide- 
aoiybdenua  carbonyl  Mixture  r.nd  (2)  tho  soft  typo,  produced  by  pitting  4 1th 
1 ui  »'tur  vapor  In  tho  aixture.  A comparison  of  teat*  J(F$8)  tad  j(?59) 
shows  th  t toe  soft  type  pi.  to  i.uii«ro  to  the  surface  for  * gre-ter  nirtber 
of  ro ’avia  than  the  a rd  type  pi"  te. 

(b)  ikmd In 2 Tfaooratura. 

Ttie^lnltlal  aolybdenua  plate  as*  beaded  at  four 
different  temperature*!  (i)  550%  (2)  625*C,  (3)  700»C  nnd  (4)  730»C  and 
then  followed  with  a 5 ail  coating  ->f  aolybdenua  plate* 

A coapariaon  of  teste  J(F35)»  J(F57) , J(F53)»  J(F76) 
and  J(F77)  nhowod  th^t  the  lower  tho  bonding  tcapemture  tha  hotter  the  per- 
for3P=nce*  The  aoat  severe  failure  occurred  in  tho  liner  bonded  at  730*C,  and 
there  tfF-3  very  little  difference  in  the  behavior  of  tho  liners  bonded  at  550*C 
end  625®C* 

(c)  Tnicknosa  of  Liolvbdenua  Plate* 

The  thickness  of  the  aolybdenux  pi- te  was  varied 
fro*  1.5  nil  to  12*5  ails*  The  performance  of  the  aolybdenua  pi;  te  *a»  a 
function  of  the  pi;  te  thickness.  How  aver*  the  thicker  plates  ;ere  very  rough 
and  the  rough  spots  aero  usually  the  starting  points  of  plate  failure* 


/A  */V 


T hit  d;ta  >n  Table  show  that  a 12.5  mil 
coating  sill  not  protect  the  stolllto  turfuce  •yainst  attack  by  double  base 
powder. 

(d)  Typo*  *£  ?o*4sr* 

Tiie  aolybdenua  plate?  wore  tested  with  t*o  type* 
of  powder)  atiael/,  (1)  1201  type  nod  (2)  double  bass  containing  2Q%  nitro- 
glycerin. 

Stellite  f2l  Alone  la  not  eroded  by  ILTR  powder  la 
the  Caliber  .50  Erosion  Testing  Gun.  However,  plrte  failure  ut  the  stellite- 
aolybdenua  interface  occurred  with  LtR  ponder. 

Stellite  #221  clone  is  severely  eroded  by  double  base 
powder  and  the  purpose  of  the  aolybdenua  plate  is  to  protect  tha  stellite  sur- 
face because  of  its  high  netting  point.  However,  in  all  liners  tested,  fro* 
the  thinnest  (1.5  oil)  to  the  thickest  (12.5  ail)  coatings,  fallur*  at  the 
stellite-Hsalybdenua  interface  occurred  with  double  base  powder.  

The  exposed  stellite  was  then  severely  eroded  and 
scored  by  the  double  base  powder. 

Because  of  the  higher  temperatures  at  the  bore 
surfs  ee,  failure  with  double  base  powder  occurred  In  e few  number  of  rounds 
than  with  the  IHR  powder. 

A suamary  of  the  results  on  the  aolybdenua  plated 
stellite  liners  is  given  la  Thbls 
3.  Conclusions. 

Uolybdeona  plates  on  gun  steel  and  stellite  fail  by  a 
weakening  of  the  bond  at  the  aolybdenua  interface.  Tnis  is  caused  by  a 
theraa}  reaction  producing  brittle  inters etalllc  compounds.  For  this  reason 
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TABLE  ttt  (Continued) 
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molybdenum  platen  do  not  afi’ord  protection  for  the  gun  3t«iel  tad  atollite 
surfaces  undor  conditions  of  hyperveloeity. 

4*  Motailotn-ajhLc  fixamlna  tlon. 

Sections  of  the  fired  liners  wore  sent  to  Harvard 
University  '>nd  the  Boll  Telephone  Laboratories  for  raetallographic  examination. 

The  results  of  these  examinations  say  be  obtained  fron 
the  Harvard  Report  on  "Sletallographic  Examination  of  Gun  Liners  and  Coatings 
Tooted  under  Hyporrelocity  Conditions",  and  fros  the  Bell  Telephons  Labora- 
tories Report  on  "Uolybdenua  Plating  from  the  Vapor  Phase". 
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6,  gpray$<3  Molybdemia  Costings. 

The  aolybdenus  ooeted  liners  described  in  this  section  vers 
prepared  at  the  ilauaaohuaatta  Institute  of  Technology  under  Contraot 
OHS-sr  608.  The  details  of  the  spraying  procedure  are  described  in 
their  reports. 

(•)  grosion  Resistant  Properties  of  Sprayed  «olybdem». 

The  high  salting  point  of  aolybdenua  and  its  excellent 
erosion  resistant  properties  aade  it  desirable  to  develop  a process  of 
applying  a thin  coating  (.020s  to  .050"  thick)  to  a gun  bore  surface. 

The  low  ooeffiotent  of  expansion,  the  low  ductility  and 
brittleness  of  the  unworked  aolybdenus  and  the  reactivity  at  the 
aolybd onus -gun  steel  interface  to  fora  interaetallie  compounds  are  prop- 
ertiea  working  against  the  success  of  this  project. 

(b)  Erocion_Ic»ts  on  Sprayed  Molybdenus  Llners. 

(1)  Variables  Tested.  The  following  variable  was  tastsd 
la  the  firings  listad  below! 

(•)  Cg»B9ftLtt9ai 

Three  liners  were  tested  having  the  following 

eoaposltlont 

(1)  Pure  aolybdenus 

(il)  Molybdenum  containing  1 Jz%  nickel 

(iii)  tfolybdemae  containing  l/2jt  nickel  and 

Z%  copper. 

(2)  SSBUL  g t B»»U*t 

The  details  of  aaeh  firing  tost  are  given  in  the  Appen- 
dix (page  189).  A suaaary  of  the  results  of  ths  three  liners  Is  as  follows! 

CPayiDEBTIAL  j 

5 


(a)  All  tho  sprayed  molybdenum  coatings  failed  by 
cracking  dus  to  lack  of  ductility  and  tha  fallura  of  the  molybdenum  to 
follow  the  expansion  of  tho  steel  liner  during  firing. 

(9)  Conclusions. 

Sprayed  aolybdenua  coatings  showed  no  promise  of  auo- 
oess  end  the  development  wee  not  carried  any  further  under  Contra ot  OSI-sr  608 
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7.  Parco  Lubrita  Coatings'- 

A gun  steel  barrel  (45  Inch  longth)  was  sent  to  the  Parker 
Rust  Proof  Company  of  Detroit  and  the  bore  was  coated  with  e-Paroo 
Lubrite  coating  approximately  0*5  nil  t ick.  The  Poroo  Lubrizing 
process  converts  the  steel  surface  into  a non-metal Ilo  oil-absorptive 
film  consisting  chiefly  of  a mixture  of  iron  and  manganese  phosphates* 
It  was  believed  that  the  reduced  1’rlction  between  the  bore  and  the 
projectile  would  result  in  an  increased  velocity  life  of  the  barrel* 

A comparison  shown  on  Table  XXII  of  the  erosion  of  the  lands 
and  grooves  with  an  uncoated  gun  steel  barrel  showed  no  improvement 
in  the  perfomanae  of  the  Parao  Lubrizod  bore* 


Mil  niIg<ai»ilgfltt-6gfawa-gg.rfig=4utrtart  ,G\a  Steal  and 


Steal 

Test 

Surface 

_ Powder 

AP  After 

AV  After 

IAS  Rds.-fna. 

C(F6)-C(F12) 

Gun  Steel 
Control 

D.B, 

A.T.  -13200 

-340 

J(F45) 

Parc o-Lubri zed  D.B. 

A.T.  -15000 

-360 

- 90  - 


a.  Fluorocarbon  FUna 

la  ordor  to  determine  tho  effoot  of  a film  of  fluorocarbon 
on  erosion  a spoolal  typo  o£  bullet  (BG-2)  with  groovod  biae-cup 
sealing  ring  was  used.  7hl3  groove,  together  with  u doap  groove  in 
front  of  the  bnse-cup,  was  filled  with  fluorocarbon  before  seating  the 
bullet  with  the  expectation  that  when  fired  the  bullet  would  receive 
sufficient  lubrication  to  permit  an  increase  in  yolooity,  After 
firing  J(F1),  the  bullet  seat  and  the  origin  of  rifling  were  found  to 
be  covered  with  a film  of  fluorocarbon  which  helped  to  seal  erosion 
oraoks  and  thus  reduced  the  drop  In  nuzzle  velocity  as  expected,  but 
the  degree  of  erosion  was  Just  as  severs  as  that  of  the  gun  steel 
control. 

The  fluorocarbon  fila  was  supplied  by  Division  8,  HDRC. 

9.  fladfltoa&iianJ&Ml 

Two  diort  places  cut  from  a browning  machine  gun  were  sent  to 
the  Taft-Peirce  Manufacturing  Cospany,  Woonsocket,  Rhode  Island,  fear 
application  of  a special  oxidised  surface  of  magnetic  oxide  of  icon. 

The  method  of  forming  this  surface  is  by  means  of  rapid  oxidation  at 
a temperature  of  about  1000°F,  in  steam,  which  produces  a smooth  black 
appearance.  After  firing  these  liners  (J(F5))  a total  of  70  rounds  it 
was  concluded  that  the  special  oxidizing  treatment  of  the  bore  surface 
did  not  increase  the  life  of  the  barrel  under  hypervelocity  conditions. 
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10.  Matellnreiohlo  Examination  of  Fif'd  Linars  and  Coatings. 

Contract  OES-sr  5S7  at  Harvard  University  was  inaugurated  for 
tha  primary  purpore  of  providing  facilities  for  the  tiatallographio  ex- 
amination of  speclaena  of  various  natarialn  fired  in  tha  Srouion  Tasting 
Con  at  tha  Franklin  Institute.  Fired  liners  and  barrels  described  la 
this  report  ware  cant,  therefore!  to  Harvard  for  setallographie  exsalna- 
tion. 

A couplets  report  of  these  ex&ainatloas  sill  be  found  In  their 
report  on  "fatallographic  Examination  of  Cun  Linere  and  Coatings  Tested 
under  Hyper-veloc  ity  Conditions1. 

The  Franklin  Institute  takes  this  opportunity  to  exprsss  pro* 
found  eppreolstion  to  Hr.  Bobstetter  for  the  tremendous  sssistanee  that 
he  sad  his  associates  have  provided  in  this  sort* 
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The  following  data  hare  been  abstracted  fron  progress  reports 
of  the  Franklin  Institute  (Contract  OEli-tr  555) . It  should  be  noted 
that  these  firings  vara  all  mads  in  the  caliber  .50  Erosion  tasting  Cun 
under  hyper- veloolty  conditions  as  defined  early  in  this  report  (except 
where  special  attention  ia  called  to  the  contrary) . 

Part  I.  Control  Testa  on  Gun  Steel 

g(13li  Monobloo  Cun  Steel  Barrel.  476  grains  Double  Base  powder. 
Ball  11-2  bullets.  Rate  of  fire  5.8  R.P.M.  115  rounds  fired.  Firing 
schedule  I. 

(1)  The  advance  of  the  plug  gages  with  nunber  of  rounds  fired 
la  given  in  Table  1. 

(2)  The  change  ia  pressure  and  velocity  with  nunber  of  rounds 
is  given  in  Table  2. 

(5)  Exaalnatloa  of  recovered  bullets  indicated  excessive 
wear  on  one  side.  This  condition  increased  with  nunber  of  rounds  fired 
until  the  engraving  extended  far  down  on  the  boat-tail  of  the  Ball  d-t 
bullet  with  no  wear  on  the  opposite  side.  This  neans  that  the  bullet 
was  balloting  down  the  bore. 

(4)  Accuracy  neesuraneats  were  made  by  neans  of  a screen  45 
ft.  fron  the  onssle.  Tipping  sad  keyholing  occurred  to  sons  extent  be- 
fore round  £0,  but  after  this  the  keyholes  produced  s wider  dispersion 
which  increased  to  tbs  and  of  the  test.  Hence,  under  these  conditions 
the  erosion  test  should  be  Halted  to  20  rounds. 
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E(F4ji  Mooobloc  Oun  Stael.  473  gr* In*  Doublo  Baas  poeder.  Ball 
B-2  bullets.  US  round*  fired.  Conditions  the  same  as  in  K(F3).  Fir- 
ing schedule  I. 

(1)  Boreacope  examination  showed  that  both  progression  and 
extent  of  erosion  ears  the  sane  as  that  in  £(F5). 

(2)  A comparison  of  the  advance  of  land  gagea  in  E(P3)  and 
E(74)  is  given  in  Tnble  1 below* 

Tabla  1 - Adwmnaa  of  Land  Cites  in  E(F3)  and  K(F4) 


After  55  Rounds 

After  70  Rounds 

After  US  Hounds 

E(?5) 

zn a 

*(73) 

urn 

5(75.1.  J5(71V 

0.5011 

8.51* 

8.13* 

10.75* 

9.94* 

15.25*  15.40* 

0.50S1 

4.56 

5.93 

7. 08 

7.18 

10.50  10.55 

0.5C50 

2.03 

1.75 

5.99 

5.20 

8.17  8.35 

0.5C88 

0.74 

0.59 

4.13 

3.55 

6.85  6.74 

0.5091 

0.25 

O.U 

1.C8 

2.28 

5.56  5.24 

0.5112 

0.20 

0.28 

0.81 

0.60 

3.80  5.39 

0.5122 

- 

0.50 

- 

0.55 

- 2.25 

(5)  A comparison  of 

pressure  change  and  of  velocity  change 

progresa 

of  mroslon  la  given  in  Table  2 below* 

Irtlt  Is  s .rrrwngp  pfawgf  cfaw  (CbiJ 


After  55  Rounds 

After  70  Rounds 

After  115  Rounds 

Pr?p... 

KiI5l 

B(F'i) 

?IF1 

E(F5) 

_g(zn 

AF 

-8770 

-7240 

-7750 

-12710 

-8850 

-15340 

AT 

- 175 

- 108 

- 259 

- 266 

- 210 

- 288 

(4)  Accuracy  patterns  and  bullet  performance  were  identical 
with  those  la  K(F5). 


C(78) * Bonobloo  Gun  Steel.  Double  Base  powder.  A.T.  bullets.  L^nds 
0.010*  high.  150  rounds  fired.  Firing  schedule  II. 
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(1)  70  rounds.  Tho  O.R.  rhwotl  characteristic  rounding  of 
tho  forcing  conu  and  the  lends,  nlno  thermal  cracking  of  tha  bora  sur- 
face tuporing  off  toward  tie  auanlr..  Comparing  vau  heavy  in  tha  grooves 
20"  - 32"  bayond  the  O.H, 

(2)  LSO  round a.  Tha  forolng  cona  and  tha  lands  at  tho  O.H, 
vara  vary  badly  -arodsd,  lata  toward  tha  aussla.  Copparing  occurred 
26"  - £6*  froa  tha  O.R.  Erosion  of  tha  lands  at  tha  O.R.  was  twloa  that 
of  tta  grooves.  Tha  innrea; .*  in  tha  lend  dinaater  0.5*  boyond  tha  O.H. 
was  0.024*.  A7  * >520  f.p.s.  0?  * -15,400  p.s.l.  AY  » -200  f.p.s*  st 
tha  and  of  90  rounds* 

(5)  Raoovarad  ballot  #155  showod  hsavy  angraving  on  tha  hour- 
ralat  and  tha  body,  whioh  would  eausa  azeasaiva  wear  of  the  lands. 

(4)  Tha  accuracy  pattern  bad  a naan  radius  of  diapersloa  st 
100  ft.  batwaan  rounds  (11-85)  * 2.55",  batwaan  round a (81-155)  * 8.3*. 

C(F12)i  Mo nobloc  Cun  Steal*  476  graina  Doubl#  Ba;?n  powder.  l.T. 
bullets.  224  rounds  fired*  Firing  schedule  II* 

Results  of  bhla  teat  do  not  dlffar  significantly  froa  tboaa  in 

C(?6) * 

Ll(r>)  i aopflhloo  Gun  Steal,  Lands  0.010*  high,  .50  twiat.  Double 
Baaa  powder.  P.F..  bullets.  290  rounds  firod.  firing  schedule  II. 

(1)  Therusl  craoking  at  the  O.R.  was  severe,  diminishing  to- 
ward tha  ousale*  After  70  rounds  it  extended  only  10"  fron  the  O.R. , 
but  after  290  rounds  It  extsndad  28*. 

(2)  Between  rounds  140  and  2.10  engagement  of  the  bullet  with 

the  O.R.  waa  loat.  Thia  made  the  bullets  skid  and  causa  excessive  wear 
on  tha  lands. - '-t_i  - ' 
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(S)  Erosion  of  th«  lands  toolt  pises  slowly  st  first,  rapidly 

bstwssn  rounds  140  - 210,  and  than  sore  slowly  again*  Erosion  of  tbs 

\ 

\ 

groove*  had  the  bus  oharastsriatlaa. 

(4)  Tbs  weloelty  drop  at  tbs  end  of  ths  tost  war  -284  f.p.s* 
Sinos  It  is  often  considered  that  the  useful  life  of  a gun  ends  wnsn  ths 
Telocity  drop  reaches  >200  f >p*s.,  it  was  calculated  that  this  condition 
was  reached  after  210  rounds  as  cc spared  with  85  rounds  for  artillery 
bullets*  Hence,  the  Telocity  life  is  increased  2-1 /I  tiuea  by  the  use  of 
?.!*!.  bullets. 

(5)  Bullets  rseorered  up  to  round  140  were  norael,  those  re- 
covered during  rounds  208  - 210  shored  double  engraving  and  narks  of 
skidding*  Bullets  recovered  during  rounds  278  - 280  showed  no  double 
eagrarlnc,  hence  engagement  with  the  O.ll*  nuat  haws  been  coapletely  lost 
with  the  result  that  the  emerging  bullets  failed  to  haws  tha  proper  spin* 

(6)  The  accuracy  life  wss  determined  as  about  250  rounds  froa  the 
appearance  of  9 yawing  and  key  holing  bullets  which  passed  through  the 
screen  during  rounds  221  - 275*  With  artillery  bullets  the  eocursey  pat- 
tern la  bad  at  150  rounds. 


L1(T9) i Monohlop  Gun  Steel*  Lands  0.010*  high.  Double  Base  powder. 
860  rounds  fired.  Firing  schedule  II. 

(1)  Erosion  at  tha  O.R.  was  chamotoristio  of  double  base 
powder.  Thermal  cracking  waa  lees  toward  the  aussle,  increasing  with 
nuaber  of  rounds.  Tha  lands  were  worn  smooth  by  skidding  bullsts  free 
9*  beyond  the  O.R.  to  the  aussle. 
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(2)  Raaoral  of  ataal  from  tha  O.R.  with  P.Z.  bullata  was  about 
half  that  with  A.T*  bullata. 

(5)  Praaaura  ohang*  aftar  160  rounda  waa  -9,600  p.s.i,,  and 
tha  ralooitjr  ohangs  waa  -510  f.p.s.  A ohangw  of  walooity  of  -200  f.p.a. 
ooourrad  aftar  £67  rounds* 

(4)  Aocuraojr.  Tha  aaaa  radius  of  dlaparaioa  was  oonatant  to 
rounda  £75  * 1.1%  batwaan  rounds  (291-545)  * 5.2",  also  in  tha  lattar 
rmnga  kayholing  bagan. 

(5)  Raoorarad  bullata  wara  unehangsd  to  round  214*  Thay  warn 
doubla  angrawad  aftar  round  260  but  no  ehanga  la  aoouraoj  raaultad. 

About  tha  aaaa  round  aaahinc  of  tha  bullat  with  tha  rifling  was  loat. 
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MOLYBDENUM  LINKK3i 

K(F5^  t Molybdenum  tuba  //A-376.  Ball  M2  bullets  - Two  warm-up 
rounds  fired  with  I’iil  powder  at  diminished  load,  then  full  load  of 
D.B.  powder  - 24  rounds  firod, 

A section  examined  at  the  Geophysioal  Laboratory  showed  the 
metal  free  free  flaws  but  the  grain  size  was  not  uniform,  There  was 
a very  ooarse  ooluanar  struoture  on  the  outside  changing  to  a fine 
grain  size  at  center,  each  about  half  the  thickness  of  tube.  There 
was  no  distortion  of  the  grains  parallel  to  the  axis.  Yield  point  in 
compression  parallel  to  axis  a 47,000  lb.  per  square  Inch.  Hardness 
in  the  longitudinal  direction  a 91.5  Rockwell  B,  in  the  radial  direotion  • 

89.6  Rookvell  B. 

(1)  Neither  thermal  araoking  nor  ponder  gas  erosion  was  sheen 
in  the  boresoope  examination.  There  was  no  visible  gae  erosion  after 
24  rounds. 

(2)  The  liner  a racked  after  one  round  at  diminished  pressure* 

(3)  The  Liner  laoked  strength  and  ductility  to  withstand 
pressures  at  unsupported  arses.  Ultimate  failure  occurred  at  keywnye 
after  24  rounds  at  58,000  psi. 

E(F6)  i Molybdenum  tube  #A-384.  One  round  was  fired  with  15®  powder 
at  diminished  load  - 1 round  fired* 

This  tube  was  examined  at  the  Geophysical  Laboratory  and  found 
to  be  fins  grained. 

(l)  The  liner  oraoked  longitudinally  in  several  places  so  badly 
that  further  firings  were  impossible* 
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(2)  Further  testing  of  molybdenum  tuboa  is  to  fca  dona  with 
smooth  bore  until  conditions  are  found  rthioh  onnblo  molybdenum  to  staid 
the  chock  of  firing, 

£i£Zl*  MaMsOIffl  Unsc  £l2=l£=Ll.  Smooth  bora,  drill*!  and  reamed 
from  molybdenum  rod,  Shrunk  into  heatod  breach  aaotion,  5 rounds  fired* 
During  an  attaapt  at  insettion  tha  liner  brake,  Tbo  final 
liner  4-1/2"  long  was  inserted  and  fired,  Aftor  removal  of  the  brneoh 
aaotion  the  liner  broke  into  oeveral  piaoea, 

(1)  Longitudinal  cracking  ooourred  after  1 round  at  a pressure 
of  only  10,000  pal, 

(2)  Cracking  increased  till  one  place  me  ready  to  be  lifted 
out  after  5 rounds,  hence  firing  ms  terminated* 

(3)  There  ms  no  evidence  of  thernal  cracking  or  of  gaa  erosion* 

(4)  Molybdenum  lacks  tha  strength  to  withstand  tha  shook  of 

firing, 

E( F10) i Hnlvbdsnm*  Linar.  Smooth  bore.  Single  base  powder  used 
throughout.  Reduced  charge,  250  - 476  grains.  Pressure  varied  from 
12,000  to  46,300  pai.  Ball  U2  bullets,  9 rounds  fired, 

(1)  The  liner  craeked  on  the  4th  round  at  a pressure  of  33,500 

pai.(Cu), 

(2)  After  9 rounds,  examination  of  tha  sectioned  liner  showed 
four  longitudinal  cracks  running  tha  full  length  of  the  liner. 
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EtFlllt  'olybdomn  Liner.  Swaged,  smooth  bore.  Double  bag* 
powder,  Hcduoed  charge,  Pressure  gradually  inorenaad  from  11,000 
to  57,0  00  pal*  Ball  M2  bullets*  46  rounds  fired. 

This  o waged  molybdenum  liner  was  shrunk  cold  under  a pres ours 
of  20,000  psi,  Into  a taperod  steel  Hnsr,  It  was  hoped  this  method  of 
shrinking  molybdenum  into  the  steel  Ilnur  would  give  no  unsupported 
areas  baok  of  the  molybdenum.  The  work  was  done  by  the  Crane  Company, 
Chicago,  under  Contract  Oi^ar-629, 

(1)  Several  longitudinal  cracks  developed  during  the  7th 
round  at  a pressure  of  45,200  pal. 

(2)  Since  it  can  be  assumed  the  method  of  mounting  the  liner 
gave  it  good  support,  the  cracking  must  be  attributed  to  an  Inherent 
laok  of  ductility  and  resistance  to  Impact  present  In  thick  molybdenum 
seotione* 

(3)  Both  gags  measurements  and  microscopic  examination  (showed 
the  molybdenum  to  be  chemically  inert  to  the  powder  gases  of  the  double 
base  powder* 

F,( F12) i Molybdenum  Liner*  2-stave,  smooth  bore*  Reduced  charge 
(10  rounds)  increasing  to  standard  charge  (140  rounds)*  Ball  112  bullets* 
150  rounds  fired*  Firing  Schedule  II* 

(1)  Gage  measurements  indicated  no  wear* 

(2)  The  surface  showed  no  signs  of  either  thermal  cracking  or 


erosion* 

(3)  Testa  should  be  made  of  a segmented  liner  that  is  rifled* 
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ama * "olvhdcnun  Mmy.  10-stavo,  rifled  with  lunds  0,005"  high* 

460  grains  D.n.  pordor*  Bull  V2  bullet3.  1J0  rounds  fired.  Firing 
Schedule  II* 

The  liner  of  commercial  noLyhicnum  in  a composed  of  10  segments 
made  from  3/3"  swaged  molybdenum  rod.  Aftor  being  miohinod  Into  a tap- 
ered liner  it  ms  press  fitted  into  a otoel  carrier  under  a load  of 
10,000  lb*  It  was  not  brazed* 

(1)  Flattening  of  the  lands  at  the  O.R*  due  to  engraving  atroesea, 
and  filling  of  the  partially  opened  seams  with  copper  began  after  a few 
rounds* 

(2)  After  150  rounds  the  lands  did  not  reach  their  full  height 
for  1*5”  from  the  0*R«,  and  copper  filled  the  open  seams  right  down  to 
the  steel  carrier* 

(3)  Thera  was  a drop  in  pressure  of  1945  psi.(Cu)  due  to  flatten- 
ing of  the  lands  which  reduced  the  initial  forcing  pressure* 

(4)  The  molybdenum  surface  showed  no  signs  of  thermal  erosion* 

E(F17I t "olvbdanua  Llnor.  10-stave,  smooth  bore*  Ball  M2  bullets, 

150  rounds  firod*  firing  Schedule  II, 

The  seme  (E(F16))  type  of  molybdenum  rod  was  used  in  making  this 
tapered  10-segnented  liner  which  was  first  brazed  into  a dummy  carrier* 

Then,  with  segments  brazod  together,  the  liner  was  finish-machined  and 
brazed  into  the  carrier,  which  was  heat-treatod  and  finished  after  bra  sing* 

Aha  brazing  alloy  used,  of  copper,  niokel  and  silicon,  had  a melting  point 
of  about  U00*C. 

(1)  After  70  rounds  the  joints  between  the  segments  had  opened 
slightly,  and  in  several  places  part  of  the  brazing  material  had  been  removed, 

i 
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(2)  Aft*r  150  rounds  tho  Joint3  had  not  opened  any  further, 
but  In  novornl  places  molybdenum  had  boon  shipped  from  the  edges  of  the 
segments, 

(3)  Tha  molybdanun  aurfuoa  showed  evidence  of  neither  thermal 
cracking  nor  powder  gas  erosion. 

(4)  C'JRa  measurements  indicated  no  loss  of  natal  from  the  bor* 
surface.  The  smooth  boro  offered  no  forcing  resistance  to  the  bell  112 
bullets,  honce  there  was  practically  no  bullet  wear  on  the  molybdenum 
surface. 

E(F13)t  "olvbdenua  Liner.  2 stare.  Rifled,  lands  0,005"  high* 

476  grains  D.B.  powder.  Ball  M2  bullets.  70  rounds  fired.  Firing  Sohedule 
II. 

The  strips  were  made  fro*  standard  molybdenum  about  ?/l6"  thick. 

The  liner  was  a press  fit  in  ths  steel  carrier. 

(1)  Seams  between  the  segments  opened  up  and  were  filled  with 
gilding  metal  fro*  tha  bullet  jacket. 

(2)  Three  oraoks  developed  in  the  area  of  the  O.R. 

(3)  A section  of  molybdenum  surface  was  torn  from  the  area  of 
the  bullet  seat. 

(4)  Lands  at  the  O.R.  ware  flattened  for  1/3"  due  to  swaging. 

(5)  There  were  no  ai'jni  of  thermal  erosion  on  either  land  or 
groove  surface. 

(6)  Removal  of  metal  from  the  lands  was  small  and  from  the  grooves 

was  zero. 
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rj[£l2l*  Molybdenum  liner.  2-3tavo.  Plflod,  lands  O.OQS1’  high, 

476  grains  D.B.  powder,  P.E.  bullotn,  l!X)  rounds  fired, 

(1)  After  150  rounds  the  scans  between  tho  two  segments  were 
tight  at  the  O.R.  and  opened  slightly  at  the  muz?le  ond  of  the  liner, 

Thtlr  condition  was  much  bettor  than  In  E(F13)  whora  ball  M2  bullets 
were  used.  Pence  engraving  stresses  probably  «ro  an  Important  factor 
in  causing  ths  seams  of  these  segmented  liners  to  open  up, 

(2)  Cure  measurements  showed  no  wear  on  either  load  or  groove 

surface, 

(3)  After  150  rounds  ths  pressure  drop  was  negligible  and  ths 
velocity  drop  was  60  fps,  hnder  the  ease  conditions  the  velocity  drop 
in  a gun  steel  liner  Is  150  fps, 

(4)  There  were  no  signs  of  powder  gao  orooioa, 

e<  rails  Molybdenum  Liner  HSIT-IT.  Incas t.  Rifled,  lands  0.005*  high. 
476  grains  D,B.  powder.  Ball  M2  bullets,  10  rounds  fired. 

The  liner  material  was  made  frost  a 3/4"  swaged  pure  molybdenum 
rod  " incast"  in  steel.  The  molybdenum  was  made  by  commercial  procedures 
at  Bloomfield,  N«J„  while  the  "lncastlng"  was  done  at  ths  Crane  Company, 
Chicago,  The  steel  used  in  the  casting  was  air  hardened  and  tempered  to 
the  hardness  of  gun  steel,  Ths  breech  section  was  assembled  at  Franklin 
Institute, 

(1)  The  molybdenum  cracked  badly  the  full  length  of  the  liner. 

Two  small  sections  caved  in  due  to  lack  of  a proper  backing  for  the  molybde- 
num tube, 

(2)  The  failure  was  caused  by  lack  of  ductility  and  inability 
to  follow  the  expansion  of  the  steel.  hacking-  as  *ell  as  faulty  casting. 
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i;(F?4h  Cm  'J2-LMI  Zl  alLsz  llaar  2 ntaves.  itirud, 

Imds  O.OOV*  high,  Pnll  Ml  bullets,  1|>0  ruml.i  fired,  Firing  Fchodule  II, 

Insida  diameter  and  joint  BUrfaaas  were  machined  in  a shaper 
unlng  n formed  tool,  '.7ith  halves  clamped  nn  a mandrel  tho  outside  was 
ground,  nftor  which  tho  halvos  rare  reshaped  to  remove  distortion  3«t  up 
in  the  roughing  operation.  Than  tha  Joining  mu-facea  were  lappod  und  the 
halves  held  in  position  by  no-ms  of  a collet  ohuok  while  the  internal 
diameter  was  ground,  Tha  taper  of  1/3 2"  per  foot  was  ground  on  tho  out- 
side diameter  and  the  liner  pressed  into  tho  carrier  with  a drift  of 
3/4"*  After  lapping  to  finish  size,  the  liner  was  rifled. 

The  hardness  data  obtained  by  Climax  Molybdenum  Conpany  ere  re- 
ported in  Table  II, 

(1)  TJhan  examined  at  the  end  of  72  rounds  oraoka  were  observed 
whioh  increased  progressively  to  the  end  of  the  tost.  Each  segment 
developed  cracks  whioh  ran  the  full  length  of  the  liner* 

(2)  Tha  seams  opened  up  and  were  filled  with  copper  on  the  lands, 

(3)  Slight  swaging  of  the  lands  occurred  at  the  03,  but  not 

beyond, 

(4)  After  72  rounds  portions  of  the  alloy  surface  were  broken 
and  this  condition  grew  worse  thereafter, 

(5)  The  drop  in  pressure,  due  to  swaging  of  the  lands  at  the 

0.R,,  increased  from  3700  psi,  after  72  rounds  to  40000  psi,  after  152 
rounds,  - 
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limit  (K5?  Vo  ± ?').  iiUny  llr.'T  "AH-Af.  2 Staves.  Rifled, 

lands  0.C0J"  high.  P.ounrfs  17  - 26  raro  fired  at  the  ret#  of  6 rounds 
per  minute,  tho  others  at  4 rounis  per  minute#  Enll  M2  bullets#  146 
rounds  fired#  Firing  Schedule  II, 

Tha  alloy  vno  mad a Into  3/4"  sintered  blllota  at  Eloomfield  by 
Prooons  E#  Tho  billets  wore  forgod  into  3/4"  roda  and  die-troughod  at 
East  Pittsburgh  at  1450°C,  The  rest  of  tho  fabrication  ras  carried  out 
in  ths  same  manner  as  ihat  doaaribed  above  (n(F24))«  The  Westinghouse 
Company  rsported  that  ths  ninro-examlnatim  of  this  liner  showed  a crys- 
tal structure  much  more  favorable  than  that  of  th*  previous  liner  (t(F24)) . 

The  hardness  data  obtained  by  Climax  Molybdenum  Company  are  re- 
ported In  Table  II# 

(1)  After  16  rounds  ths  liner  was  cracked  end  tho  surface  shoved 
moderately  severe  spalling# 

(2)  After  76  rounds  there  was  neither  visible  erosion  nor  swaging 
of  ths  lands* 

(3)  After  146  rounds  ths  liner  broke  up,  the  metal  coming  off  In 
layers,  so  that  only  half  of  the  liner  remained  in  the  gun,  thus  making 
further  measurements  impossible# 

(4)  The  drop  in  pressure  after  76  rounds  was  only  300  pai.(Cu) # 


E(F?6)  t (m*'r'6  + 20*  allov  liner  ffAK-«F-  2 Staves.  Rifled,  lands 
0«005"  high#  Reduced  charge  D#B,  powder  for  4 rounds.  Ball  M2  bullets# 

72  rounds  fired  # Firing  Schedule  II • 

The  method  of  manufacture  and  assembly  was  the  same  as  in  E(F25)# 


However,  the  drift  of  7TAH-5F  was  only  l/2"  sines  the  liner  bent  during 
ths  pressing  operation  and  would  not  enter  further# 
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The  hardnese  data  obtained  by  Climax  "oLybdenum  Company  are  re- 
ported la  Table  II. 

(1)  After  12  rounds  the  liner  omolced,  raetul  beii-g  removed  frcB 
the  surfaoe  In  layers  due,  probably,  to  its  lamellar  structure. 

(2)  After  72  rounds  the  liner  broke  up  und  half  of  it  was  blown 
out  of  the  gun,  rendering  further  measurements  impossible* 

£(F33h  Molvbdeaua  Liner.  F.I.A5-1.  2-stave.  Hifled,  lands  0.010" 
high.  476  grains  D.B.  powder.  2 groups  of  70  rounds  each  at  4 rounds  per 
ainute  followed  by  2 groups  of  140  rounds  at  6 rounds  per  minute.  Steel 
banded  P.E.  bullets.  454  rounds  fired. 

Ho  powder  was  hydrostatically  pressed  in  a rubber  Bold  to  eliminate 
internal  eraoks  produced  when  a steel  mold  was  used. 

(1)  The  bore  surface  showed  no  evidence  of  any  attack  by  powdsr 

gases. 

(2)  Thera  was  alight  ohsoksrwork  cracking  in  the  grooves,  beyond 
4"  frost  tha  O.R.  there  were  two  eracks  which  started  fro*  the  seaas. 

(3)  Swaging  at  the  O.R.  was  slight  and.  6"  beyond,  the  driving 
edge  of  the  lands  was  perceptibly  worn. 

(4)  A comparison  of  the  advance  of  the  gages  on  the  lands  and 
tha  drop  In  velocity  and  in  pressure  compared  with  those  In  control  test 
LI(F5)  is  given  In  Table  8 below. 
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Mlft-Jft  - Comparison  of  Tnat  KfH3)  with  Control  Teat  Ll(F5l 

fiMflLBlaM^g  Lll£2l  22SL  [Via.  felLD)  LSLMl* 


0.492" 

0.494 

0.496 

0.493 

0.500 


>23" 

-0.33 

>23 

-0.03 

>23 

-0.01 

>23 

0 

+21,0 

0 

Sraa  LH£SL2& Mu  SIE33)  m Mn  aim  ASOdia 


AV  . 273  . 65  - 165 

AP  -7800  -500  -3950 


(5)  Failure  occurred  on  tba  lands  where  the  seam  between  the 


2 staves  crossed  the  lands.  At  this  point  the  lands  were  broken  away  due 


to  Impnot  with  the  bullet. 

(6)  If  the  staves  were  so  designed  that  the  seam  followed  la 


the  grooves  this  type  of  failure  night  be  eliminated. 


E(F36)  i Mo  Liner  (W-15).  Uolybdenua  + 0.054  Hioksl 

Firing  Cnnt lltlnna.  476  grains  Double  Base  (204  N.G.)  powder. 

Ball  M-2.  Firing  Schedule  III.  Fired  309  rounds. 

Llney.  Helical,  two-staves.  Taper  l/32”/ft.  - outside  dlaaeter 
at  large  end  0.690!*.  Bore  dlaaeter  0.500". 

Staves  were  cracked  longitudinally  in  middle  of  each 
groove  -did  not  Interfere  with  the  firing.  Sod  of  stave  beneath  cartridge 
case  was  oraoked. 

Lands  were  swaged  at  the  origin  of  rifling. 

Liner  moved  forward,  opening  rear  joint  beneath  cartridge  case. 
Plastic  flow  of  metal  In  auszle  area  produced  a constriction. 

The  test  was  concluded  because  of  difficult  case  extraction 
caused  by  the  opening  of  the  rear  joint  beneath  the  cartridge  oast. 

mimmik  i'O 
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fc(£3?*l»  Mq  iinor  (^-IM.  rolyWonua  + 0.01'  Nickel, 

Zlrlng  Conditions.  373  graina  of  Double  Base  (40?  H,G.)  powder. 
Ball  .\U2  bullets.  Firing  Schodula  III.  Fired  119  rounds, 

ULSEI*  Helical,  tvro-atavee,  Tnpor  l/32"/ft*  - outs ldo  diameter 
at  largo  and  0,720*.  Boro  diameter  0.500*, 

MliiliU*  staves  were  cracked  longitudinally  in  middle  of  esoh 
groove— did  not  intarfora  with  firing,  Thtra  wn§  nod or a to  swaging  of  tho 
lands  at  0,R»  Tha  raar  Joint  beneath  tho  cartridge  case  opened  up  due  to 
liner  hawing  moved  forward.  Tha  seams  tetwssn  the  staves  vers  la  good 
condition, 

Tha  teat  was  concluded  because  of  tha  difficult  oaso  extraction 
caused  by  tha  opening  of  tha  rear  joint  beneath  tha  cartridge  oaae, 

Ei£22l»  Ho  Linar  ( W-17) . Pure  Molybdenum, 

Firing  Conditions.  365  grains  of  Double  Base  (40$  N.G.)  powder, 
Pre-engraved  steal  bullets.  Firing  schedule  III,  Fired  294  rounds. 

M.33T.  Hslioal,  two-s tavsa.  Taper  l/32*/ft.  - outside  diameter 
at  large  end  0.722".  Bore  diameter  O.-WO*, 

Results.  Staves  craoked  longitudinally  down  center  of  the  groove 
—did  not  interfere  with  firing.  There  was  measurable  3 waging  of  the  lands 
for  the  first  inoh.  Seams  were  in  good  condition.  Forward  movement  of 
the  liner  opened  up  rear  joint  by  ©.OS"  to  .04*  and  produced  a come  trio  ted 
t>or*  *t  the  muszle  end  of  the  liner.  This  condition  stopped  the  test 
because  of  difficult  case  extraction. 
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diwlt  22  |.AMr..,Cr?L3rllt  35->  Molybdenum  + 15*  Tungsten, 

Firing  Conditions.  365  grains  of  Double  Duse  (40/.  ii.tl.)  powder# 

\ 

Pro-engraved  steel  bullets#  Firing  Schedule  III#  Fired  146  rounds# 

Liner.  Helical,  flanged,  two-3taves.  Shoulder  3/4"  long,  x l/32" 
face.  Taper  l/32"/ft.  Bore  diameter  0,490"# 

fto quits.  Staves  oruo’cod  longitudinally  do-m  the  oentor  of  the 
grooves— did  not  interfere  with  firing,  Bach  stave  oruokod  oiroumferentlslly 
beyond  the  flungod  area#  Tin  re  was  measurable  swaging  of  the  lands  for  ^ 
the  first  inoh# 

The  flan.; a on  tho  Mo  stave  liner  prevented  the  rear  Joint  #1 
beneath  the  cartridge  case  from  opening  up.  However,  tho  same  forces 
cracked  the  Mo  staves  beyond  the  flange  and  the  liner  moved  forward  in 
this  area,  causing  the  oraoke  to  open  up  about  ,03"  and  ,05"  and  a constric- 
tion of  tbs  bore  at  the  nruzzle  end  of  the  liner.  For  tills  reason  the  test 
sae  concluded, 

E(FAl) » Ho  Liner  (*-18-2) . B5%  Molybdenum  + 15^  Tungsten, 

Firing  Condltlonp.  476  grains  of  Double  Base  (20/  H,G.)  powder. 

Ball  M-2  bullets.  Firing  Schedule  III,  Fired  432  rounds. 

Liner.  Helical,  flanged,  two-staves.  Straight  shoulder  3/4” 
long,  x 1/32"  face.  Taper  l/32"/ft.  Bore  diameter  0.500", 

Results.  Tho  flange  prevented  rear  Joint  £1  from  opening  up. 

The  staves  cracked  radially  beyond  the  flange— opening  more  with  firing 
and  causing  constriction  at  the  muzzle  end.  Staves  cracked  longitudinally 
down  center  of  the  grooves— did  not  interfere  with  firing. 

Some  slight  breaking  away  of  the  metal  at  the  edge  oftasr  seams. 

The  test  was  stopped  because  of  the  oonstriotion  at  the  muzzle 
end.  __________ 


F(?A2\i  Mo  Liner  ( 17-16-2).  Molybdenum  + ,Ol.i  Hi, 

Firing  Condition.  476  grains  of  DoubLe  Buss  (20,*  U.C.)  powder, 
linll  1U2  bullets.  Firing  Sohedule  III,  Fir'd  143  rounds. 

Liner.  Helloal,  two-staves,  oold  twisted,  Shoulder  3/4"  long,  x 
1/32"  face,  Taper  l/32"/tt*  Core  diameter  0,500", 

Results.  Longitudinal  and  diagonal  cracking  occurred  in  flrot 
prenaure  round,  During  the  130  round  burst  the  Linar  cracked  badly  at  2 
to  2-1/2"  from  the  breech  end  and  the  forwurd  parts  of  the  2 stavee  were 
blown  out  the  ausrle,  Severe  constriction  at  breeoh  end  of  liner*  The 
liner  failed  by  cracking,  warping  of  the  staves  and  complete  breaking  up 
of  the  forward  end  of  the  liner, 

K(F43) « Wo  Liner  (ff-16-3).  Molybdenum  + .OK  Hi, 

Firing  Conditions.  476  grains  of  Double  Bess  (20#  N.G,)  powder. 
Ball  M-2  bullets.  Firing  schedule  in.  Fired  155  rounds* 

Liner.  Four-staves,  straight  seams,  integral  shoulder*  Shoulder 
3/4"  long  x l/32"  face.  Taper  l/32"/ft.  on  disaster.  Cold  prees  fit  - 
interference  •0015"  on  disaster.  Bore  diaaeter  0,50 0", 

Results.  Each  stave  cracked  longitudinally,  usually  in  center  of 
each  groove.  Severe  surface  spalling  of  natal  along  seams  at  the  muxzle 
end  where  lands  cross  the  seams.  Slight  swaging  of  the  lands  at  0,R, 

Rear  Joint  beneath  case  remained  tight.  There  * a severe  constriction  at 
nusale  end.  Test  wan  concluded  because  of  severe  spalling  along  seaes. 
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’fo  Mnar  Pt-:Z3.  Molybdenum  ► ,03/  Hi, 
gll^OfT  Conditions.  476  grains  of  Double  H:ae  (20/,  u,a.)  powder. 
Bail  M-2  bullets,  Firing  schedule  III,  Fired  166  round*, 

Itlagr*  Kolinel,  t-o-atave*,  integral  shoulder,  dhoulder  3/4"  long 
X 1/32"  face.  Taper  l/32"/ft.  Gold  pressed  with  .0015"  interference  on 
diameter.  Bor*  diameter  0.500", 

HlhMJtl*  -light  a waging  of  land*  at  G.ti.  3t  ivee  cracked  oircia- 
farontially  at  the  sad  of  tha  snoulder,  Continued  firing  op  mad  this  ormok, 
Th*  liner  twisted  during  firing  ao  tha  rifling  was  out  of  Mnt  with  tha 
rifling  In  tha  nusal*  station.  last  was  coaaiudod  because  of  severe  olroue- 
farential  cracking. 


fei/ifl*  H 


L#  Molybdenum  + .01/  Hi. 


firing  &sdiusfl».  476  grains  Of  Double  Base  (20/  N.G.)  ponder. 
Ball  U-2  bullet.  Firing  schedule  III.  Fired  293  rounds. 

Liner.  Precision  twisted.  Helical,  four-staves,  integral  shoulder. 
Shoulder  3/4"  long  x l/32"  face.  Taper  l/32"/ft.  Press  fit  - .002"  inter- 
ference. Bore  diameter  0.500". 

Results.  The  staves  were  o racked  longitudinally  down  the  center 
of  the  grooves.  There  was  surface  spalling  from  the  edge  of  the  bullet  seat 
to  the  origin  of  rifling  on  two  of  the  four  staves.  There  was  slight 
flattening  of  the  lands  at  the  0.R,  Test  was  concluded  because  of  fracture 
and  spalling  of  the  surffcoe  at  the  bullet  seat  and  origin  of  rifling. 
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LWb  I'n  Liner  f L 13-3.  (Uo  + 0.1,'  Co) 

Firing  gcntllttrna.  476  grains  of  Double  Dan©  (20£  Ji.G.)  powder. 
Call  M-2  LulLoto.  (Cd.  plated  for  573  round®,  regular  bullet®  for  remainder 
of  test).  Firing  schedule  III,  Tired  1133  rouade. 

liner.  Straight  scans,  two-aU.vea  rith  integral  shoulder.  Taper 
l/32"/n.  "houlncr  3/4"  long  x 1/3 29  face.  Shrink  fit  - ,003"  interference 
on  diameter.  Tore  diameter  0,300". 

Tom,  Its.  Tli© re  v-u  alight  eheokorwork  oracling  in  the  bullet  sent 
erca.  There  ires  longitudinal  cmuVdng  1>  the  grooves,  frraging  of  the 
lands  Increased  as  the  firing  increased*  Swaging  and  tearing  of  small 
pieces  of  *>o  from  the  uurface  oocurred  where  the  lanis  crossed  the  straight 
scams.  There  whs  gradual  novenent  of  netnl  toward  the  nuzzle  ©nd  of  the 
liner. 


The  following  tabled  aho\-.a  the  advance  of  the  Lund  Gages  and 


Groove  Cages. 

fiagi.Piaatttt 

Advance  of  Land  Gages 

Alter  ia.Kdtt,  292-MiA 

,HJl.Bdae 

0.503" 

+0.07" 

+0.05" 

+0,23" 

+•1.50" 

0.505 

0.03 

0.05 

0.13 

0.60 

0.507 

0.01 

0.01 

0.04 

0.10 

0.509 

-0.01 

-0.01 

0 

0 

0.5U 

-0.25 

-0.31 

-0.20 

-0.19 

SMt-PteBitet 

AitsLisiflAia 

£Z3.KdjU 

U2LMga 

0.513" 

-0.01" 

-0,01" 

0 

+0.04" 

0.515 

0 

0 

+0,01" 

0.01 

0.517 

0 

0 

0 

0.01 

0.519 

0 

0 

0 

0.01 

0.5a 

0 

0 

0 

0 

mnmim 


The  following  table  shows  the  pressure  change,  P0  a 564OO 

psl»( Cu) , 

httor.  152  Mae  393..Itiae-  573  Ma*  H33  nda. 

AP  +1700  pal,  +2500  pel,  +2300  pal.  +3300  pal. 

Teat  was  oonaluded  because  of  the  eons trio ^ ion  of  the  bore, 

EtE42l«  Mo  Liner  BL-3M.  (Mo  + 0.1?  Co). 

Flrlng_Condltlona.  476  grains  of  Double  Dase  (20?  K.O.)  powder. 
Ball  JU2  bullet.  Firing  schedule  III,  Fired  152  rounds. 

Liner.  Straight  seams,  two  staves  with  Integral  shoulder.  Taper 
l/32"/ft.  Shoulder  3/4"  long  x l/32"  face.  Shrink  fit  - ,003"  Interference 
on  dlaaeter.  Bore  diameter  0,500", 

Results.  There  was  slight  swaging  of  the  lands  at  the  origin  of 
rifling.  Surface  spalling  was  greatest  et  4”  to  8"  beyond  O.R.  and  was 
more  severe  on  one  of  the  staves.  The  test  was  concluded  because  of  severe 
spalling  of  the  metal  along  the  seams. 

Failure  was  due  to  poor  mloroetruoture  of  Mo, 

fiCC42l«  JSadAaasJJc&si.  ( *°  + 0.1?  Co). 

Biring  Cnndltinwf.  476  grains  of  Double  Base  (20?  h.G.)  powder. 
Ball  M-2  bullet.  Firing  schedule  III,  Fired  2022  rounds. 

Liner.  Helical,  two-staves.  Shoulder  3/4"  long  x l/32"  faoe. 

Taper  l/32"/ft.  Shrink  fit  - .004"  interference  on  diameter.  Bore  diameter 

0.500", 

Results.  Examination  of  the  fired  liner  showed  (l)  alight  cracking 
longitudinally,  (2)  pronounced  pattern  of  checker-work  cracking  on  the 
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bora  surface,.  (3)  slight  spalling  ooourrod  along  the  odgea  of  the  aeons  at 
the  muazla  end  of  the  liner,  (4)  swaging  of  tha  lands  at  O.H.  and  (5)  ths 
roar  joint  beneath  tha  cartridge  casa  opanad  slightly. 

Tha  following  tabla  show  tha  ad  vane  a of  tha  Land  Cages  and 


of  the  Groove  Gagas* 

Advance  of  Land  Ragee 

Aftw  151  291  --  5711 

1131 

-1411. 

WZLMia 

0.503" 

0.05" 

0.09" 

0.16" 

0.75" 

1.29" 

2.96" 

0.505 

0.02 

0.03 

0.05 

0.11 

0.17 

2.15 

0.507 

0.02 

0.01 

0.02 

0.04 

0.03 

0.17 

0.509 

0 

-0.04 

-0.14 

-0.15 

-0.16 

-0.04 

0.5U 

-0.25 

-0.32 

-0.30 

-0.23 

-0.22 

-0.15 

MTmgi.fl£,Qiwra  Sara 


Caere  Diaaeter  After  151 

—.221. 

-0.01" 

321. 

0 

J 131. 

+0.08" 

2022  Rds. 

0.513 

0 

-0.12" 

+0.16" 

0.515 

0 

0 

+0.01" 

0.02 

-0.03 

0.14 

0.517 

0 

0 

0.01 

0.02 

-0.02 

0.09 

0.519 

0 

0 

0.01 

0.01 

-0.01 

0.03 

0.521 

0 

0 

0.01 

0.01 

-0.01 

0.01 

The 

following 

table  shows 

ths  pressure  change.  P0  =*  55 

,800 

pel.(Cu). 

1a 

-221- 

JZL 

ua. 

2P&  Mae 

AP  +1000  pel. 

+1800 

+400 

+1300 

0 

-4200 

Tha  test  was  concluded  because  tha  increased  land  diaaeter 
at  041,  (due  to  swaging)  and  partly  due  to  the  badly  eroded  nuzzle  section 
caused  tha  4200  psi.  pressure  drop* 


somommir 
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'£±22 2l»  liSL  Uner  1L-33-7.  (Mo  4 0.1?). 

Firing  Condition.  476  grains  of  L'oubls  Linos  (20#  ii.G,)  powder. 
BtiiX  -2  bullot.  Firing  schedule  III.  Fired  2024  rounds,  ^ 

Liner.  Helical,  two-Btaves.  Shoulder  3/4"  long  x l/32"  faos. 

No  taper  on  bod/  of  liner.  Shrink  fit  - .004"  interference  on  diameter. 
Bore  diameter  0,500". 

Results.  The  perfortoenoe  of  this  linor  was  practically  the  sane 
as  Vo  Liner  UL-33-5  (Test  E(F49). 

The  taper  on  the  body  of  the  linor  is  only  necessary  for 
ease  of  insertion  of  the  liner  in  the  carrier. 


The  following  tables  show  the  advance  of  the  land  Gages  and 
of  the  Groove  Gages, 


Advance  of 

kind  Gages 

Cagi-filaMtu 

Aftar-154  ..334, 

.—524- 

-1124. 

-1414. 

2024  Rds. 

0.503" 

0.06"  0.17" 

0.42" 

1.29" 

1.74" 

2.48" 

0.505 

0.03  0.07 

0.10 

0.47 

1.27 

1.86 

0.507 

0.01  0.02 

0.03 

0.09 

0.24 

1.27 

0.509 

0 0 

-0.01 

0.01 

0.04 

0.10 

0.511 

-0.04  -0.05  -0.03  -0.02 

A4rmgg.og-finQYtt  Sam 

0 

0.02 

i?Awi  itss 

M&3L154  -39 4. 

,,.524, 

.0124. 

1/1/ 

uriaBw 

Z22L  Ma* 

0.513" 

- 

-2,07" 

-5.82" 

-2.23" 

-2.17" 

0.515 

40.08" 

-7.43 

-7.41 

-6.62 

-6.34 

0.517 

-0,01"  0 

0 

0 

40.04 

40.17 

0.519 

0 0 

-0.01 

0 

40.01 

40,04 

0.521 

0 0 

-0.01 

0 

0 

40.02 

psi.(Cu). 

The  following  table  shows  the 

pressure  change  P0 

3 56,600 

I 


v/; 


gBa 


Afw.  154  aai,  m.  iau. 

AP  +600  pni.  +400  -1300  0 -4600  -14i>00* 

♦ Moat  of  this  drop  whs  duo  to  a badly  eroded  muzzle  caotion. 

E(F51h  Mo,  Liner  PL-36-1.  {\o  + 0.1#  Co). 

Firing  Condltlona.  476  grains  of  Douhle  Base  (20;?  ;«',G.)  powder. 
Paroo  Lubrized  dtaal  Pre-engraved  bullata.  Firing  Gohedule  III.  Firod 
442  rounds. 

Linar.  Two-staves,  straight  seams,  integral  ahoulder.  Should ar 
3/4"  long  x 1/32"  faoa,  T per  l/32“/ft*  Shrink  fit  - .003"  interference 
on  diameter.  Pore  diameter  0.490". 

Results.  Examination  of  tha  firad  linor  shewed  (1)  slight  swaging 
of  the  lands  at  O.H.,  (2)  alight  longitudinal  orseking  in  the  grooves, 

(3)  slight  surface  chaokorwork  cracking,  (4)  slight  surface  spalling  of 
metal  ocourrad  where  tha  lands  orossed  the  seams,  (5)  the  rear  joint  beneath 
the  cartridge  caae  opened  slightly  and  (6)  conatriation  In  ths  bullet  seet, 
probably  due  to  slight  warping  of  stave.  This  condition  caused  the  failure 
of  the  liner. 

K(F53) i Mo  Liner  BL-37-1.  (Mo  + 0.1#  Co) 

Firing  Cord  It  Inn  a.  476  grains  of  Double  3u.se  (20#  N.C.)  powder. 
Paroo  Lukrized  steel  pre-engraved  bullets.  Firing  schedule  IV.  Fired 
1052  rounds. 

Liner.  Helical,  two-etavee,  integral  shoulder.  Shoulder  3/4"  long 
x .0185"  face.  Taper  l/32"/ft.  Shrink  fit  - .003"  on  diameter.  Bore 
diameter  0.490", 
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ilosulta.  Examination  of  the  fired  liner  showed  (l)  niight  longi- 
tudinal cracking  in  the  grooves,  (2)  surface  ohecksrwork  cracking,  and 
(3)  severe  spalling  occurred  from  4"  to  8"  beyond  O.R.— this  condition 
caused  the  failure  of  the  liner* 

K(F54i  Wo  Liner  DU36-2.  (!.!o  + 0.1JJ  Co). 

Firing  conditioner  476  grains  of  Double  Base  (20,*  N,G.)  ponder* 
Parco  Lubriaed  steel  pro-engraved  bullets*  Fired  4 rounds* 

Liner*  Helical,  two-staves,  integral  shoulder*  Shoulder  3/4" 
long  x l/32"  free.  Taper  l/32"/ft,  Shrink  fit  - *003*  interference  on 
disaster*  Bore  disaster  0,490". 

Requite.  Failure  ooourred  on  the  fourth  pressure  round  due  to 
blowing  out  of  liner  beneath  the  cartridge  case  neck*  This  was  caused  by 
an  unsupported  area  in  the  region  of  the  liner  shoulder* 

* SLE55I*  Mo  Liner  BL-35.  (Mo  + 0.1*  Co) 

Firing  Cnndltfnpa.  476  grains  of  Double  Base  (20*  N.G.)  powder. 
Ball  IU 2 bullets*  Fired  77  rounds* 

Linar.  Helical,  two-staves,  integral  shoulder*  Shoulder  3/4"  long 
x l/32"  face*  Taper  l/32"/ft.  Shrink  fit  - ,003"  interference  on  diaaeter. 
Bore  diaaeter  0*500", 

Results*  Examination  of  the  fired  liner  showed  (1)  slight  longi- 
tudinal cracking  in  the  grooves,  (2)  slight  spelling  along  the  edge  of  the 
seaas,  and  (3)  constriction  at  both  the  breech  end  and  auszle  end  of  the 
liner*  This  condition  caused  failure  of  the  liner* 
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F.CF561«  'TO  lin2£ jae33.  (furs  Mo). 

Firing  Conditions.  476  grains  of  Double  Bane  (20/  i!,G,)  powler. 

\ 

Bill  Vm2  bullets,  firing  nohedula  IV.  Fired  (j05  rounds, 

Llnor.  Helical,  two-staves,  Shoulder  3/4"  long  x l/32"  fuae. 
Taper  1/32"  face,  Taper  l/32"/ft.  Shrink  fit  - ,003"  Interference  on 
diameter.  Bora  diameter  0,500", 

Results.  Examination  of  the  fired  liner  showed i (1)  staves  wars 
cracked  longitudinally  in  the  grooves,  (2)  slight  oheokerwork  cracking  of 
the  grooves,  (?)  moderate  spalling  of  the  metal  along  the  edge  of  the 
seam  from  5"  to  7"  beyond  the  0,ii„  (4)  the  rear  Joint  opened  slightly, 
and  (5)  revere  swaging  of  the  lands  for  a distance  of  4 inches  - this 
condition  caused  the  failure, 

£(F57lt  Ho  Liner  PL-39-1.  (Pure  Mo). 

Firing  Conditions.  476  grains  of  Double  Base  (204  N.G.)  powder. 
Ball  M-2  bullets.  Firing  schedule  IV.  Fired  735  rounds. 

Liner.  Helical,  two-stave a,  no  shoulder.  Taper.  l/32"/ft.  Shrink 
fit  - ,003"  Interference  on  diameter.  Bore  diameter  0,500", 

Results.  Examination  of  the  fired  liner  showed  t (1)  staves  were 
cracked  longitudinally  in  the  grooves,  (2)  circumferential  cracking  at 
41"  beyond  O.R,,  (3)  pronounced  cheekersark  cracking  of  the  bore  surface, 
and  (4)  slight  progressive  swaging  of  the  lands  at  Q.R, 

The  liner  failed  because  the  rear  Joint  beneath  the  cartridge 
case  opened  up  and  prevented  extraction  of  the  cases.  Severe  constriction 
at  the  auszle  end  of  the  liner  occurred. 
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2.  wwa  PASr.  ALLOY  LT*f-  Hd 1 

Liner  (flZ-'j).  60  Cr  - 25  Fa  - 15  ‘.V  alloy. 

LiziM  ilaOSliLL aaa«  440  gruiua  D.  U.  ponder  (20,"  N.G.) « Dull  M-2 
bullets,  Firing  aahedula  II.  Fired  d5  rounds, 

JLlflDI.  0,500"  bore. 

JliiLiUtl*  Exunlnatlon  of  tho  fired  llnor  showed]  (l)  longitudinal 
cruaking,  (2)  notwork  cracking  on  bora  surfaoa  and  pitting  of  aurfuoa, 

(3)  constriction  of  bora,  dua  to  voluaa  ohanga  in  Cr-baaa  alloy.  Teat 
waa  concluded  because  of  longitudinal  oruoklng  of  liner,  and  alao  baoauaa 
of  volume  ohangfia  raaulting  In  axaaosive  high  pressures. 

£l£22l*  Llnor  (OX-6).  50  Cr  - 45  Fa  - 5 Mo  alloy. 

Firing  fortUittl-  465  grains  D.  B.  powdar  (20%  M.G.),  Ball  U-2 
bullata.  Firing  aohadula  II.  Firrad  84  rounda. 

Liner.  0.500”  bora. 

E-xaaination  of  tha  fired  liner  showed*  (l)  longitudinal 
croaking,  (2)  oonatrlction  of  grooved  dua  to  volume  changaa,  (3)  natwork 
oraoklng  of  surface- and  pitting  of  surfaoa.  Liner  failed  beoausa  of  (1) 
longitudinal  oraoklng,  (2)  drop  in  pr as sure  and  velocity  due  to  renoval  of 
natal  from  O.R.  Indicating  softening  of  natal,  also  (3)  oonstriotion  of 
groove  diameter, 

£lQll»  Liner  (CX.10).  60  Cr  - 25  Fa  - 15  Mo  alloy. 

?4Uag  ggsM&aafl.  460  grains  D,  B.  (20|  N.G.)  powdar.  Ball  M-2 
bullata.  Firing  schedule  II.  Fired  309  rounds. 

Llnor.  0.500"  bora. 
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Results.  Lxerintl-jn  of  the  fired  liner  showed!  (l)  longitudinal 
cracking,  nod  (2)  surfxoa  pitting. 

test  .Ma  concluded  dua  to  (1)  drop  of  projciurs  nn d veloaity 
caused  by  escape  of  guaes  through  deop  longitudinal  cracks,  and  (2)  longi- 
tudinal cracking  und  pitting. 

K(F 461 . Linar  (G.:-33l.  60  Cr  - 30  Fa  - 10  do  alloy. 

firing  Oondltluoi.  476  grains  D.  B,  (20?  ii.G.)  powder.  Hall  14-2 
bullets.  Firing  schedule  III.  Fired  151  rounds. 

Liner.  0.5G0n  bore.  Intermediate  tube  and  liner,  both  alloys  of 
60  Cr  - 30  Fe  - 10  Vo.,  shrink- fitted  Into  assembly  with  0.001"  diametrical 
interference. 

Results.  Examination  of  the  fired  liner  showed i (l)  longitudinal 
cracking,  (2)  checktrwork  cracking  of  bore  surface,  and  (3)  severe  pitting 
of  surface  due  to  intercrystalline  cracking. 

Teat  was  concluded  because  of  (1)  longitudinal  cracking, 
allowing  powder  gases  to  escape,  and  (2)  severe  pitting  of  the  surface. 

EE52l«  Liner  (CX-341.  60  Cr  - 25  Fe  - 15  A>  alloy. 

Firing  Conditions.  405  grains  0.  B.  (20%  R.G.)  powder.  Ball  tt-2 
bullets.  Firing  schedule  III.  Total  rounds  fired  563. 

Liner.  0.500"  bore  shrink-fitted  into  assembly  with  0.001" 
diametrical  Interference.  Inner  tube  under  high  compressive  stresses. 

Results.  Examination  of  the  fired  liner  showed!  (1)  surface 
craoking,  (2)  pitting,  (3)  constriction  of  bore. 
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Tent  vnn  concluded  duct  to  (l)  axotaaiva  prasaures  caused  by 
oonatriotln  and  roughened  surface. 

F,(F58h  Itnar  101-35).  60  Or  - 25  Fa  - 15  Xo  alloy. 

Firing  Conditions.  450  grain*  D.  3,  (20?  N.G.)  powder.  Ball  '.V2 
bullata,  Firing  sohaduia  XV.  Total  rounds  firad  110. 

Linar.  0,500"  bora,  chrlnlc-fittad  into  ataal  carrier,  0.005" 
diametrical  interference,  Tvo-atarac,  straight  saana. 

ftewulta.  Examination  of  the  flrad  liner  eitowadt  (1)  longitudinal 
and  transverse  cracking,  (2)  saver*  pitting  of  surface,  (3)  large  blow 
hole  at  1/2"  to  1"  beyond  0.R, 

Teat  aaa  concluded  due  to  aevare  longitudinal  and  tranavaraa 

creaking. 
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9.  IMIAMOim, 

T»atelaaj.  snogta,  frpr?» 

***ji("'  Firing  Conditions.  Gradually  inoraaalng  loads  of  doubla  baa* 

(20$  N.G.)  powdar.  Ball  M-2  bullata.  Firing  schedule  XL  Fired  ISO 
round*. 

Liner.  .040”  thick.  Pressed  in  steel  tub*.  Bore  dlaaeter  0.9103*. 

Results.  Examination  of  the  fired  liner  showed!  (l)  no  thermal 
oraoking)  (2)  no  fraotur*  of  any  kind;  and  (9)  surface  appeared  to  be 
roughened,  probably  by  the  wear  of  the  bullet  on  the  Tantalus  surfaoe. 

£l£22i<  Tantalus  rifled. 

Firing  Conditions.  Gradually  increasing  loads  of  double  base 
(20$  N.G.)  powder.  Ball  M~2  bullets.  Firing  schedule  IX.  Fired  150  rounds. 

Liner.  Hardened  to  about  82  R,  Liner,  8*,  .045*  thick.  Pressed 
in  a steel  carrier.  Bore  dlaaeter  0.500*. 

Results.  Exaaination  of  the  fired  liner  showedi  (1)  pressure 
drop  of  8,875  p.s.i.)  (2)  groove  surface  showed  no  signs  of  thermal 

o racking)  (5)  lands  failed  slightly  due  to  removal  of  metal  by  frietios) 

(4)  Tantalus  surface  appeared  to  be  drawn)  and  (5)  showed  longitudinal 
tear  cracks. 
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Firing  Conditions.  470  grains  D.B.  (Z0%  N. C.)  powder.  Ball 
M-2  bullots.  Firing  schedule  II*  Total  round#  ft rad  85. 

Linar.  0.500"  bora.  Stellite  #22  llnar  1/8*  thick. 

Results.  Examination  of  tha  fir  ad  llnar  showed*  (l)  Lands 
completely  • rod  ad  awa  y for  5*  beyond  O.R.)  (2)  Driving  adgs  arodad  for 

antlra  langth  of  llnar)  (s)  Network  of  eraoks  on  land  and  groove  surface 
for  antlra  langth. 

Fallura  dua  to  larga  prassura  drop  oauaad  by  malting  of  tha 
atalllta  snrfaoa. 

Sinn*  UaaL&aWto  m* 

Chaok  tast  of  E(F22)  with  similar  results.  Taat  was  abandoned 
after  25  rounds. 

£&Z1‘  Linar  Stailita  #21. 

Firing  Conditions.  476  grains  D.B.  (20Jl  N.G.)  powder.  Ball 
U-Z  bullets.  Firing  sohadula  II.  Total  rounds  fired  85. 

Linar.  0.500"  bora,  Stailita  #21  llnar  1/8"  thick. 

Results.  Examination  of  the  llnar  after  firing  showed*  (1)  Lands 
badly  arodad  up  to  5.5  inches  bayond  O.R.)  (2)  Driving  edge  of  lands 

badly  eroded  to  6*  beyond  O.R.)  (5)  Bora  surface  badly  cracked  through- 
out tha  length. 

Failure  of  linar  duo  to  exoeasiva  drop  in  prassura  and  velocity 
caused  by  erosion  of  lands,  dua  to  salting  and  softening  of  tha  surface. 
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iiF22li  Linar  sismis.  121- 

Firing  Conditions.  478  grain*  MR  powder.  8*11  4-2  bullets. 
Firing  schedule  II.  Total  of  509  round*  fired. 

Llnor.  0.500*  bore.  Stellite  #21  liner  1/8*  thick. 

Results.  The  following  observations  were  sad*  after  firlngt 
(1)  No  swaging  or  erosion  of  the.  land*)  (2)  Fin*  network  of  oraoka  on 
Stellite  surface)  (S)  Gun  steel  at  end  of  Stellite  liner  badly  eroded 
causing  welooity  drop. 

These  results  showed  that  the  Stellite  #21  was  resistant  to  the 
action  of  the  powder  gases  of  IUR  type  powder  at  this  rat*  of  fire. 

Firing  Conditions.  45S  grains  MR  powder,  Ball  M-2  bullets. 
Firing  schedule  III  and  1-300  round  group  at  12  R.P.M.  Total  of  1562 
rounds  fired. 

Liner.  0.500*  bore.  StelUt  #21  liner  1/8*  thick. 

Results.  The  following  observations  were  oad*  after  firings 
(l)  No  swaging  of  the  lands)  (2)  Slight  rounding  of  the  lands  edges  at 
O.R.)  (S)  Fin*  network  of  cracks  on  the  Stellite  surface)  (4)  Prac- 

tically no  advance  of  the  land  plug  gages. 

l(F3Sji  Stellite  #21  Liner. 

Firing  Conditions.  435  grains  RDX  powder,  CR-1  type.  Lot 
No.  EX  6112.  Ball  lf-2  bullets.  Firing  schedule  III  and  1-500  round  group 
at  IS  R.P.K.  Total  of  1028  rounds  fired. 

Liner.  0.500*  bore.  Stellite  #21  liner  l/8*  thick. 
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Paaults.  Tha  following  observations  wwrw  mad*  aftar  firingi 
(1)  No  swaging  of  tha  land*)  (2)  alight  rounding  of  tha  lands  at  O.R.) 
(3)  network  of  oracka  on  tha  atallita  surface;  (t)  practically  no  ad- 
ranoa  of  tha  land  gagas. 
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5.  MICK EL  BASS  ALLOY  LINERS: 

K(F-fl) : Monel  Met.el  Liner. 

Firing  Conditions.  476  grains  D.n.  (2Q£  !I.G.)  powder.  Ball 
U-2  bullets.  Firing  schedule  I.  Total  rounds  flrod  55. 

Linar*  0.500*  bora. 

Results.  Exsaination  of  tho  liner  after  firing  showed: 

(1)  flna  checker-work  'cracks;  (2)  lands  coapleteljr  arodad  away  at  O.H. 
and  badly  arodad  bsyond. 

lil=9l*  * - Nickel  Liner. 

Firing  Cooditlona.  476  grains  D.B.  (20i  N.G.)  powdar.  Ball 
M-2  bullets.  Firing  schedule  Z.  Total  rounds  firad  70. 

Liner.  0.500*  bore. 

Results.  Tha  following  obsarwations  wars  aada  of  tha  llnar 
aftar  firing:  (1)  lands  snd  grooves  vara  pitted;  (2)  bullet  seat  area 
baa  flna  ohaokar-work  oraeklng;  (5)  lards  badly  arodad  at  O.R. 


StT1.5li  Zirooniun-M lokal  Liner. 

Firing  Conditions.  476  grains  D.B.  (20*  M.G.)  powder.  Ball 
M-2  bullets.  Firing  schedule  I.  Total  rounds  firad  45. 

Llnar.  0.500"  bora. 

Results.  Examination  of  tha  fired  llnar  showed:  (l)  severe 
swaging  of  tie  lands  for  2"  fro*  O.R.;  (2)  theraal  cracking  in  tha  grooves 
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8.  SILIfr.W  STv.'Li 

g(?15h  Silicon  HUal, 

Flrl'nr  Conditions.  Gradually  Increasing  loads  of  Double  Base 
(20$  N.G.)  ponder.  Ball  '4-2  bullets.  Fired  7 rounds. 

Liner.  8*  liner. 

Results.  Liner  cracked  badly  In  first  7 rounds  due  to  the 
brittleness  of  the  silicon  steel. 
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Part . III.  ...Con tings  and  Electroplates 
I.  CilR0-.fK  PLATEP  LIfOflt 

«Zi£2l»  Chrofllua  plate  0.00' )7"  thiok.  Steel  surface  maahined,  Rifled, 
lands  0.005"  high.  Linar  In  two  aeotlons,  4-1/2"  and  3-1/2"  respectively. 
Ends  plated  with  copper  0,005"  to  0,010"  thick.  D.B.  powder.  Ball  U-2 
bullets.  45  rounds  flrod. 

The  liners  were  plated  at  the  Springfield  Armory  using  the  chromium 
plating  technique  developed  there.  The  ends  were  plated  with  copper  in  raw 
der  to  act  as  a seal. 

Results.  (1)  Chromium  was  removed  from  bullet  seat,  forcing  cone 
and  land  surface.  For  l/4N  beyond  the  O.R.  erosion  by  powder  gases  was 
severe,  undercutting  the  grooves j (2)  Chromium  la  the  grooves  was  in  good 
condition.  Erosion  beyond  l/2"  from  tbs  O.R.  on  both  lands  and  grooves  was 
improved. 

g - JUS!*  Chromium  elate  (standard)  0.001'*  thick.  Steel  surface  electro- 
■pollahftd,,Rin.ed,  lands  0.005"  high.  D.B.  posder.  P,£.  bullets.  115  rounds 
fired. 

The  liner  was  pitted  at  Battelle  Memorial  Institute,  Columbus,  Ohio. 
Results,  (l)  The  erosion  and  flaking  of  the  surface  was  much  less 
than  that  obtained  with  ball  i*-2  bullets  (see  J-E7) ) (2)  The  plate  waa  off 

the  bullet  seat  and  the  driving  edge  of  the  lands  for  about  l/3".  The  sur- 
face appeared  wrinkled j (3)  Elimination  of  engraving  stresses  increased 
the  life  of  the  chrome  plated  barrel. 
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iiEZl1  Chromium  il-uts  (standard).  Q.Ovl*  thick.  Steel  surface  oleotro- 
poliahed,  Rifled,  lands  0.C05"  high.  D.3.  ponder.  Dali  M-2  bullets.  115 
rounds  fired. 

The  liner  was  plated  aa  in  J ( :-'6) , 

Ruuulba.  (1)  Tho  plate  vas  romorud  completely  fro.*  the  bullet  seat 
and  from  the  lands  for  3A=>")  (2)  The  lands  aero  eroded  below  tho  surface 
of  the  grooves  some  of  vhioh  shoe  undercutting  of  the  plate)  (3)  The  fail* 
ur*  of  the  plate  wae  ala liar  to  that  of  the  Springfield  chroae  plate 
(see  J-F3) > (4)  Localized  engraving  stresses  are  on  important  factor  in 
the  failure  of  chrome  plate. 

il£2l«  Cbroalua.  plate  (standard)  . 0. 00 5"  thick.  Elaotropolished. 

Lands  0.005"  high.  D.B.  p cedar.  P.d.  bullets.  115  rounds  fired. 

The  liner  was  plated  as  in  J(F6).  large  clearances  on  the  lands 
eliminated  localised  engraving  stresses. 

Results.  (1)  The  plate  shoved  a characteristic  net-work  of  cracks, 
but  there  vaa  neither  land  nor  groove  erosion;  (2)  There  was  no  change  in 
either  the  dimension*  of  recovered  bullets  or  the  accuracy  pattern  to  the 
end  of  the  test. 

J(F9) t Chroaiua  plate.  0.001"  thick.  Machined  surface.  Lands  0.005" 
high.  P.B.  ponder.  Ball  11—2  bullets.  115  rounds  fired. 

The  chroaiua  plate  vas  applied  to  a machined  gun  steel  surface  by 
the  Vun  der  Horst  Corporation,  Qlean,  New  York. 

Results.  (1)  Erosion  of  the  lands  vas  greater  and  of  the  grooves 
the  same  as  that  of  the  Springfield  plate  and  the  Battells  plate  as  described 
above.  This  vas  probably  due  to  poorer  bonding  of  the  plate  to  the  steel 
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surface  beneath ; (?)  The  chemical  and  the  thermal  resistance  of  tha  plat# 

to  tha  powlor  g ?ros  Mia  the  eon*. 

» <?t}rc*aluia  plafro .( standard) , 0,001"  thlok.  Bureau  of  Standard#. 
Uuohlnad  surface.  Lands  0,005"  high.  D.n.  powder.  Ball  M-2  bullets.  115 
rounds  fired. 

Results,  (l)  Failure  of  th#  plat#  was  similar  to  that  of  other 
chroaium  plated  surfaoe#  when  Ball  H-?  bullets  and  n.n,  powder  were  used) 

(2)  Cr*oking  of  the  plate  was  less  than  that  observed  with  an  equal  thick- 
ness plated  at  Battelle. 

Chromium  elate  (Coy  Contraction).  0.001"  thick.  Bureau  of 
Standards.  Machined  surfaoe.  Lands  0,005"  high,  D.B.  powder.  Ball  1&-2 
billets.  115  ro'inds  fired. 

Results.  (1)  Failure  of  the  L,C.  plate  at  the  O.R.  ms  slallar  to 
that  of  the  standard  (H.C.)  plate;  (2)  After  35  rounds  the  L.C.  plate  was 
In  better  condition  than  the  H.C.  plate  at  the  same  stage;  (3)  After  70 
round#  the  L.C.  plate  began  to  fall  rapidly  and  at  the  end  of  the  test  it 
was  In  worse  condition  than  the  H.C.  plate  (J-F10), 

Chronlwjplate  (standard).  0.001"  .thlflk*  Bureau  of  Standards. 
Machined  surface.  Lands  0,010"  high.  D.B.  powdsr.  ?.£.  bullets.  150 
rounds  fired.  

Results.  (1)  Plate  ms  worn  off  the  driving  edge  of  the  land#  for 
the  full  length  of  the  liner  and  at  the  O.R.  for  3/E"  all  over  the  lands  and 
for  1/4"  in  the  grooves;  (2)  Craeking  was  less  than  that  observed  with 
Battelle  plate;  (3)  The  plate  removed  was  much  less  than  when  Ball  11-2  bullets 
were  used,  (J-F10). 
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J(FIS) i Chroalua  plat*  (L.C.).  0.001*  thlok.  Bureau  of  Standards. 
Xaohlned  surfaoa.  Lands  0.010"  high.  D.B.  powder.  P.E.  bullets.  150 
rounds  fired. 

Results.  (1)  At  the  O.R.,  L.C.  plate  was  off  the  lands  for 
1/4")  (2)  At  the  O.R.f  L.C.  plate  was  off  the  grooves  for  1/8")  (2)  L.C. 

was  off  the  driving  edge  of  the  lands  for  1.0”)  (4)  With  P.E.  bullets 

the  L.C..-  plate  suffers  less  erosion  than  the  H.C.  plate  (See  J-F12)  • 

J(F14)i  Chroalua  Plate  (standard).  0.005" thlok.  Bat telle.  Sleo- 
tropolished.  Lands  0.005”  high.  D.B.  powder.  Ball  M-2  bullets.  115 
rounds  fired. 

Results.  (1)  The  plate  was  cracked  and  pitted  in  several 
places,  but  was  adhering  to  lands  and  grooves  and  showing  comparatively 
little  failure)  (2)  There  was  very  little  difference  between  the  erosion 
with  Ball  M-2  bullets  in  this  test  and  that  with  P.E.  bullets  in  Test 
J(P8)|  (S)  The  thickness  of  the  ehroae  plate  appears  to  be  the  aain  fao- 

tor  in  obtaining  protection  of  the  bore  surface  of  gun  steel. 

Chroalua  Plate  (standard).  0.001"  thick.  Bureau  of  Standards 
Maohlned  surface.  Lands  0.010"  high.  D.B.  powder.  A.T.  bullets.  150 
rounds  fired. 

Results,  (l)  Plate  was  completely  removed  froa  the  bore  surface 
for  7/lS*  froa  O.R.  Failure  on  the  lands  extended  to  2-1/2"  -froa  O.R., 
and  the  reaovsl  of  plate  froa  the  edges  of  the  lands  extsndsd  the  full 
length  of  the  liner)  (2)  Much  more  plate  was  removed  in  this  test  than 
in  that  where  P.E.  bullets  were  used  (J-F12) . 
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5"  thick.  Bureau  of  Standard*. 


Machined  aurfaoe.  Lands  0.010"  high.  D.Q.  powder.  P.E.  bullets.  440 
rounds  fired. 

Results.  (1)  Cracking  and  wrinkling  of  the  plate  at  the  O.R. 
was  slight  but  the  gun  steel  beyond  the  liner  was  severely  eroded  causing 
a drop  la  accuracy  after  about  the  200th  round}  (2)  At  the  end  of  the 
test  both  pressure  drop  end  velocity  drop  were  negligible.  Thia  say  be 
eoapared  with  a AT  * 200  fps.  after  210  rounds  with  P.2,  bullats  and  un- 
protected gun  steel}  (8)  It  la  aatlaated  that  a high  velocity  gun  using 
D.3.  powder  should  have  a bore  surf see  ehroaiua  plated  for  at  least  82 
calibers  from  the  O.R.,  and  preferably  for  tha  entire  length. 


limb 


c.  Bureau  of  Standards. 


Maehined  surface.  Lands  0.010*  high.  D.3.  powder.  P.E.  bullets.  420 
rounds  fired. 

During  the  deposition  of  the  ehroaiua  plate  the  current  was 
interrupted  as  a result  of  a blown  fuse. 

Results,  (l)  There  was  neither  significant  wear  of  the  plate 
nor  serious  failure  of  the  underlying  gun  ateel}  (2)  Probably  due  to  the 
Interruption  of  the  plating  current,  soae  layers  of  ehroaiua,  0.001"- 
0.002"  thick,  were  reserved  at  various  points  along  the  liner}  (8)  After 
420  rounds  both  pressure  drop  and  velocity  drop  were  negligible}  (4)  If 
tha  loss  of  ehroaiua  layers  (2)  is  disregarded,  there  appears  to  be  no 
significant  dlfferenea  betwesn  the  erosion  resistance  of  the  L.C.  plate 
and  the  standard  (H.C.)  plate. 
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liZUi'  Ohronlura  fUtg-Ql.q.)..  0.005”  thick,  Bureau  of  standards. 
Machined  surface.  Land  a 0.010"  high.  P.3.  povder.  Y.Z,  bullets.  430 
rounds  fired. 

Thoaa  conditions  duplicate  thoso  In  J ( K17 ) except  that  In  this 
case  the  ijlating  current  was  not  interrupted, 

Pegults.  (1)  The  plate  failed  at  the  bullet  seat  and  at  the 
O.R.  for  l/4"j  (2)  l/2"  beyond  tho  O.R,  the  plate  failed  on  the  lands  and 

the  exposed  steel  was  severely  undercut)  (3)  Both  pressure  drop  and 
velocity  drop  were  Insignificant.  This  nay  be  compared  with  ths  results 
with  P.E.  bullets  and  unprotected  gun  stool  af tor  290  rounds  as  follows I 
AP  a -8,000  p.s.i.,  AV  = -2<0O  f.p.s. 

J(F2Q)  i Chrcalua  nlata  fL.c.).  0.005"  thick.  Bureau  of  Standards. 
Machined  surface.  Lands  0.010"  high.  D.S,  powder.  A.T.  bullets.  220 
rounds  fired. 

Results.  (1)  At  ths  O.R.  ths  plate  failed  seriously,  ths  ex- 
posed steel  being  severely  scored  and  undercut;  (2)  The  velocity  drop  at 
the  end  of  220  rounds  was  -294  f.p.s.,  or  a AV  -200  f.p.s.  after  180 
rounds.  Ths  pressure  drop  was  -9,200  p.s.i.)  (3)  when  A.T.  bullets  are 
used,  a chrcwd.ua  plats  0.005"  thick  doubles  the  velocity  life  of  the  cal- 
iber .50  barrel. 

2iE24it  Chrcwiua_plate  (H.C.).  0.005"  thick  on  8"  steel  liner. 
Bureau  of  Standards.  Machined  surface.  Lands  0.010"  high.  D.B.  powder. 
A.T.  bullets.  226  rounds  fired. 

Results.  (1)  The  plate  was  removed  from  the  O.R.  and  from  ths 
surface  of  both  lands  and  grooves  for  5/8”)  (2)  Throughout  ths  liner  sore 
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plate  v»aa  lo3t  by  tha  grooVoa  than  by  thg  lands;  (3)  Exposed  steel  was 
aoveroly  floored  and  undercut  canning  a significant  drop  in  pressure, 

J(F27)  i Chromium -Plats  (H.C.)  Q.QQ5"  thick.  Bureau  of  Standards. 
Eleotropolished,  Lands  0.010"  high.  D.B.  ponder.  A.T.  bullets.  361 
rounds  fired. 

Results.  (1)  At  the  O.R.  plate  was  removed  for  5/l(>a  after 
361  sounds.  Beyond  this  the  plate  was  craoked  but  still  adherent) 

(2)  Exposed  gun  steel  was  severely  scored  and  undercut  causing  a large 
drop  in  pressure)  (3)  Since  the  pressure  drop  in  caused  chiefly  by  the 
erosion  at  the  O.R. , the  pressure  drop  as  a function  of  rounds  fired  in* 
dioatee  hoe  soon  the  plate  begins  to  fall  at  the  O.R. 

J(X24l»  Bureau  of  Standards. 

i4.ee tropolished . Rifled,  lands  0,010"  high.  D.B.  powder.  A.T.  bullets. 
291  rounds  fired. 

Results.  (1)  At  the  O.R.  the  plate  was  removed  free  both  lands 
and  grooves  for  1/2”)  (2)  Beyond  the  O.R.  the  plate,  though  cracked  and 
wrinkled,  still  adhered  to  the  steel)  (3)  Exposed  gun  steel  eas  severely 
eroded.  This  caused  a large  drop  in  both  pressure  and  velocity)  (4)  la 
J(F20)  conditions  were  the  saae  as  in  this  test  except  that  the  steel 
surface  ea a eachined  instead  of  being  eleotropolished.  A comparison 
shoes  that  less  plate  was  removed  froa  the  eleotropolished  surface. 

J ( FAQ) » Chroaiua  plate  fa.C.).  0.005"  thick.  Bureau  of  Standards. 
Rifled,  lands  0.010"  high.  Uonobloo  steel  barrel.  Eleotropolished.  D.B. 
powder,  460  grains  #HES  1770,240.  A.T.  bullets.  311  rounds  fired-. 


Results*  (1)  At  the  O.R.  plate  was  removed  from  both  lands  and 
groove*  after  90  round*,  and  elsewhere  thero  was  cracking  and  pitting  of 
th*  plate.  The**  condition*  became  progressively  worse}  (2)  A drop  in 
velocity  of  200  f.p.s*  occurred  aftor  220  rounds* 

J( FAl)  1 Chromium  plate  (H.C.).  O.QIO"  thick.  Duroau  of  Standards. 
Monobloc  steel  barrel*  Eloctropolished.  Rifled,  land*  0*010"  high* 

D.B.  powder*  460  grains  #HES  1770*240*  A.T.  bullets*  S3  rounds  firod* 
The  H.C.  chroaiua  plats  was  deposited  In  3 layers  by  a method 
which  gives  the  overplats  good  adhesion* 

Result*.  (1)  At  the  snd  of  th*  test  th*  plats  waa  removed 
in  small  areas  up  to  9"  beyond  the  O.R.  The  plat*  which  still  adhered 
was  cracked  and  blocks  were  raised  above  the  surface)  (2)  Due  to  this 
roughening  of  the  surface  excessive  pressure  developed  which  caused 
punctured  primers  and  extraction  difficulties  thus  terminating  th#  test* 

J(F60)i  *0045"  H.C.  Chron*.  Double  Ease  (20%  H.C.)  powder* 

Firing  conditions.  390  grabs  of  Double  Ease  (20%  H.C.)  powder. 
Pre-engraved  steel  banded  bullets*  Firing  ached ul*  III*  Fixed  570  rounds* 
Uonobloo  gun  steel  barrel  43"  long*  Plated  on  electropolished  gun  steel 
by  the  Philadelphia  Rust  Proof  Company* 

Results.  Examination  of  the  fired  barrel  showed s (l)  removal 
of  th*  plate  froa  the  bullet  seat  area  started  during  the  first  erosion 
group)  (2)  as  firing  progressed  th*  removal  of  chroee  plate  increased) 

(3)  very  severe  erosion  occurred  during  the  third  erosion  group)  (4) 
failure  of  the  gun  occurred  during  the  fourth  erosion  group)  and  (5)  vel- 
ocity drop  of  200  f*p*s*  occurred  after  490  rounds* 


firing. Conditions.  47'  gra:  ns  I? 31  povder.  Fre- engraved  bullet* 
Proaaure  5C,000  p.a.i.(Cu)  - Velooity  3575  to  3625  f.p.s,  Firod  10 
pressure  rounds  + 60  erosion  rounds  at  4 HtPtM. 

Liner.  Plated  on  elsotropoliahod  gun  steel  liner* 

Results.  Examination  of  the  plated  surface  after  70  rounds 
showed*  (1)  no  chrome  plate  was  removed  and,  (2)  no  oheoker  cracking  was 
visible. 

ill&li  .0041"  P.C.  Chreme  elate. 

Firing  Conditions.  476  grains  IMR  powder.  Pro-engraved  bullets 
Pressure  53,600  p.s.i.(Cu)  - Velocity  3575  to  3625  f.p.s.  Fired  10 
pressure  rounds  + 60  srosion  rounds  at  4 R.P.M. 

Liner.  Plated  on  eleotropoliahed  gun  steel  liner. 

Results.  Riant  nation  of  the  plated  surface  after  70  rounds 
showed!  (1)  no  ohroae  plate  was  removed,  end  (2)  slight  oheoker  araeking 
was  visible. 

Firing  Con^ttirM-  476  grains  of  I®  powder.  Pre-engraved 
bullets.  Pressure  58,300  p.s.l.(Cu)  - Velocity  3575  to  3-625  f.p.s.  Fired 
10  pressure  rounds  + 60  erosion  rounds. 

Linar.  Plated  on  eleotropoliahed  gun  steel  liner. 

Results.  Examination  of  the  plated  surface  after  70  rounds 
showed!  (1)  no  chrome  plate  was  removed,  and  (2)  the  oheoker  craoking 
was  easily  visible. 
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il££L  1»  .0092"  Ha£jl  Chrome  rlata. 

firing  Conditions.  47  ; grnha  of  IL®  powder*  Fro-ongraved 

\ 

bullets,  Preaauro  56,900  p.a,i,(Cu)  - Velocity  3573  to  3625  f*p*s*  Fired 
10  pressure  rounds  + 6C  erosion  rounds* 

Liner.  Ilated  on  eleotropolished  gun  steel  liner* 

Results.  Examination  of  the  plated  surfaoe  after  70  rounds 
showed!  (l)  no  ohrooe  plate  was  removed,  and  (2)  the  checker  cracking 
was  easily  visible* 

J(f65)t  *20221  iLSsJaaaat  .aUAt . 

Firing  Cnn^itiepg-  393  grains  of  FHH-M2  powder.  Pre-engravsd 
bullets*  Pressure  56*600  p.s.i.(Cu)  - Velocity  3575  to  3625  f.p.s,  Fired 
10  pressure  rounds  + 60  erosion  rounds* 

Linar.  Plated  an  sleotropollshed  gun  steel  liner* 

Results.  Exam! nation  of  the  plated  surface  after  70  rounds 
showed!  (1)  the  ohrooe  plate  removed  l/8",  and  (2)  the  checker  cracking 
very  faintly  visible* 

HIM*  MaS3S^LS^B^Jkata* 

F^ri^g  Qfffdltions.  405  grains  of  FNB-U2  powder.  Pre- engraved 
bullets*  Pressure  57,700  p.s.i.(Cu)  - Velocity  3575  to  3625  f*p*s*  Fired 
10  pressure  rounds  + 60  erosion  rounds* 

Liner.  Plated  on  eleotropolished  gun  steel  liner* 

Results.  Examination  of  the  plated  surface  after  70  rounds 
showed!  (1)  the  ohrooe  plate  removed  3/32”,  and  (2)  the  checker  cracking 
faintly  visible* 
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•lL££2l*  +'10. 55."  ?i. "lirwie  pin to. 

Elrln.T  Conditions.  41J  grains  of  titH— V2  powlor#  Pro—  engraved 
bullata,  Pressure  57, 090  p.a.i.(Cu)  - Velocity  3575  to  3625  f.p.g.  Fired 
10  pressure  + 60  erosion  rounds. 

Linar.  Plated  on  eleotropoliahed  gun  a tael  liner* 

Results.  Examination  of  the  plated  surface  after  70  rounds 
showed i (1)  no  chrome  plate  was  removed,  and  (2)  the  checker  cracking 
was  easily  visible* 

J(F68ls  .0075"  l-.C.  Chrone  flats. 

Firing  Conditions.  405  grains  of  Fi.TUtt  powder.  rre-engraved 
buUets.  Pressure  56,300  p.s.i,(Cu)  - Telocity  3575  to  3625  f.p.s*  Fired 
10  pressure  rounds  + 60  erosion  rounds* 

Liner.  Plated  on  electropol  lahed  gun  eteel  liner* 

Results*  Examination  of  the  plated  surface  after  70  rounds 
shoeedi  (1)  no  chrome  plate  was  removed,  and  (2)  the  checker  cracking 
wae  most  pronounced* 

iLESsa*  Chrae  Plato* 

ZtelM  fiaadiyfflae  365  grains  of  Double  Base  (&%  a.G.)  powder. 
Prw-engraved  bullets.  Pressure  55,900  p.a.i.  - Velocity  3575  to  3625  f.p.s 
Fired  10  pressure  rounds  + 60  erosion  rounds* 

Liner.  Plated  on  elec  tr  op  dished  gun  steel  liner* 

Results . Examination  of  the  plated  surface  after  70  rounds 
showed i (1)  the  chrome  plate  removed  2-1/2",  and  (2)  the  checker  creak- 
ing was  very  faintly  visiblw* 
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iUml*  .08 56"  H.Ct  Chroma  n.lnto. 

Firing  Conditions.  3^0  grains  of  Double  Base  (40^  N.C.)  powder, 
Frc-engravod  builats.  Pressure  56,10.")  p,s,i,(Cu)  - Velocity  3575  to  3625 
f.p.a.  Fired  10  pressure  rounds  4-  60  erosion  rounds. 

Liner,  Plated  on  elootropolished  gun  steel  liner, 
flcaults,  Examination  of  the  plated  surface  after  70  rounds 
ehowedi  (1)  the  chrcae  plate  removed  2", -and  (2)  the  cheoker  cracking 
was  faintly  visible, 

J(m)i  ,9g^4!!.Bafa.^rCTB..,plaUa 

Firing  Cordltlona,  360  grains  of  Double  Base  (lfi%  N.G.)  powder, 
Pre-engraved  bullets.  Pressure  56,  9^0  p,e,i,(Cu)  - Velocity  3575  to  3625 
f.p.s.  Fired  10  pressure  rounds  4-  60  erosion  rounds. 

Liner,  Plated  on  eleotropoliahed  gun  steel  liner. 

Results,  Examination  of  the  plated  surface  after  70  rounds 
showeds  (1)  the  chrcae  plate  removed  3/8 "»  and  (2)  the  oheoksr  cracking 
was  easily  visible, 

J(772)l  .0070"  H,C,  Chrome  nlats. 

Firing  Conditions.  363  grains  of  Double  Base  (40#  N.G.)  powder, 
Pre-engravwd  bullets.  Pressure  58,000  p.a,i.(Cu)  - Velocity  3575  to  3625 
f,p,s.  Fired  10  pressure  rounds  4-  60  erosion  rounds. 

Liner.  Plated  on  electropolished  gun  steel  liner. 

Results.  Examination  of  tbs  plated  surface  after  70  rounds 
showed!  (1)  tbs  chrome  plate  resorad  l/4",  and  (2)  the  checker  cracking 
most  pronounced, 
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J(F73h  «0Q3lt  liilu  nhrona.  Double  Base  (40/  II. G.)  powder. 

Firing  Conditions.  355  grains  Double  Baue  (40/  N.G.)  poirier* 
Pre-engraved  stool  banded  bullets*  Firing  schedule  II.  Firod  98  rounds* 
Monobloo  gun  steel  barrel,  45"  long*  Plated  eleotropoliahed  on  gun  stool* 
Results*  Examination  of  the  fired  barrol  showed!  (1)  res oval 
of  the  plate  from  the  gun  stesl  surface,  and  severe  erosion  of  the  ex- 
posed gun  steel  for  a distance  of  1*5"  beyond  the  O.R.)  and  (2)  a vel- 
ocity drop  of  200  f.p.a.  occurred  after  120  rounds* 

J(F79)  l *003'*  H.C.  Chroae.  Double  Base  (20/  M.O.)  powder* 

Firing  Conditions.  393  grains  of  Double  Base  (20*  N.O.)  powder* 

r 

Pre- engraved  bullets*  Firing  schedule  III*  Fired  510  rounds*  Monobloo 
gun  steel  barrel,  45"  long*  Plated  on  oleetropoliahed  gun  steel  by  the 
Philadelphia  Rust  Proof  Company* 

Results.  Examination  of  the  fired  barrel  showed!  (l)  plate 
waa  completely  reserved  from  the  origin)  (2)  sixty  per  cent  of  the  plate 
waa  removed  inr  the  section  from.  O.R.  to  4"  beyond  O.R.  j (3)  in  the  next 
4 inches  the  plate  was  off  in  areas  with  the  remaining  plate  mraoked  and 
wrinkled)  (4)  this  condition  of  the  plate  diminished  at  20  inohes)  and, 

(5)  a velocity  drop  of  200  f.p.s.  occurred  after  470  rounds* 

£10221  > *QQ2"  Chrome  plate.  IMR  powder* 

Firing  Conditions.  476  grains  of  IMR  powder*  Pre- engraved 
bullets*  Firing  schedule  III*  Fired  820  rounds*  Plated  on  eleotropoliahed 
gun  steel  by  the  Philadelphia  Rust  Proof  Company* 
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Faults.  Zxoalnation  of  tho  fired  barrel  shawsdi  (1)  ballot 
loot  and  orlfla  of  rifling  eoapletely  eroded  away;  (ii)  tho  lauds  were 
90%  orodod  away  fro*  O.R.  to  4*  boyoad  O.R.,  and  tho  groowoa  woro  aod- 
oratoly  orodod)  (3)  tho  lands  woro  90%  orodod  away  fron  4*  to  8"  be- 
yood  O.R.,  and  tho  grooves  woro  sealing)  and  (4)  fro*  8*  boyond  O.R* 
to  tho  nasals,  tho  lands  woro  70%  orodod  any.  Thors  was  sealing  of  tho 
groowos. 

J(7lC2l«  «C04»  Chroao  Plato.  Doable  Bass  (40?  8.0.)  powder. 

ririnw  Conditions.  280  grains  Doable  Base  (40%  1.0.)  powder. 
Pro-engraved  ballots.  Firing  sohodalo  III.  Fired  147  rounds.  Mowoblee 
barrel  plated  by  tho  Philadelphia  Mat  Proof  Cospany. 

Peewits.  txawl nation  of  the  fired  barrel  showed i (l)  plat- 

ing ooeplotoly  off  ballot  seat)  (2)  plate  off  land  and  groowos  for 
1-1/2*  at  12  o' elook, several  swell  areas  off, deep  soorlng)  and  (8) 
a owe  soorlng  op  to  6*  boyoad  O.R. 

f(3?LQ4l«  .C08»  Chroao  Plato.  I2X  powder. 

Pirlnw  conditions.  478  grains  of  I2R  powder.  Pro-engraved 
ballots.  Firing  sohodalo  ZII.  Fired  8112  rounds.  Monobloe  barrel, 
plated  by  the  Philadelphia  Boat  Proof  Cospany. 

Result  a.  Ixaainatioa  of  tho  fired  barrel  showed*  (1)  slight 
erosion  in  fora  of  swell  holes  appeared  at  the  origin  of  rifling  after 
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927  rounds)  (2)  erosion  progressively  increased)  (5)  the  origin  of 
rifling  after  9112  rounds  had  a deep  and  vide  groove  at  12  o*aloQk,  thsrs 
was  heavy  pitting  and  spalling)  (4)  groove  baoana  deeper  at  1/2”  to  1” 
beyond  O.R.  - driving  sdgss  of  tha  lands  war*  badly  arodad)  and  (5) 
heavy  pitting  and  soaa  spalling  froa  4*  beyond  O.T.  to  rustle. 

* . * 

J(7Ull»  .CCS”  Chrcaa  Plats.  Double  Base  (40*  M.O.)  powder. 

Firing  Conditions.  860  grains  of  Double  Base  (40*  S.G.)  pow- 
der. Pre- angrarsd  bullets.  Firing  sohedula  XII.  Fired  282  rounds, 
aoaobloa  barrel  plated  by  the  Philadelphia  Bust  Proof  Coapany. 


Results.  Sxaninatlon  of  tha  fired  barrel  after  282  round# 
ahoeeds  . (1)  at  bullet  seat,  50?  of  tho  plating  was  eroded  a*aj)  (2) 
tha  plating  at  tha  origin  of  rifling  was  ooapletely  arodad)  (8)  Tory 
deep  eroeloa  froa  origin  to  5 lnohee  beyond  at  7 o'clock  to  12  0*01008) 
and  (4)  noat  proaounaad  c hooker  e reeking  throughout  remainder  of  bar- 
rel. 


Jf 7112)i  .CCS”  Chroao  Plate.  Double  Baeo  (20*  B.Q.)  ponder. 


Pi  wine  renditions.  400  grains  of  Double  Base  (20*  M.C.)  pow- 
der. Pro  engraved  bullets.  Firing  schedule  XXX.  Fired  825  rounds. 
Moaobloo  barrel,  plated  by  tha  Philadelphia  Rust  Proof  Coapany. 


Results.  Sxaalnatioa  of  tho  fired  barrel  showed*  (1)  a rery 
deep  erosion  groom  1/8”  f»«  ballot  seat  at  8 o'clock)  (2)  the  naok 
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shoulder  30^  eroded  away)  (3)  plata  ail  off  at  tha  origin  of  rifling} 
(4)  spalling  in  the  grooves  at  O.R. } (5)  heavy  eheeker-oork  crack- 

ing froa  O.R*  to  4*  beyond}  (6)  lands  at  6 oJclook  and  at  5 o'clock 
ooaplstely  eroded  for  one  inch  in  area  froa  O.R.  to  4”  beyond}  (7) 
driving  edge  of  lands  spotted  with  erosion)  and  (8)  land  at  8 o'clock 
S inches  beyond  O.R.  half  eroded  away. 

iiZUil*  jgaeJBttaMjfatit.  UK  powder. 

mini  Conditions.  478  grains  of  HR  powder.  P rc-engraved 
bullets.  Firing  schedule  XU.  Fired  1232  rounds.  Monobloo  barrel, 
plated  by  the  Philadelphia  Rust  Proof  Coapasy. 

Results.  Fxaaination  of  the  fired  barrel  showed*  (1)  nook 
shoulder  and  bullet  seat  waxy  badly  eroded}  (2)  several  erosion  grooves 
froa  origin  of  rifling  to  3"  beyond)  (8)  pitting  and  spalling  in  tha 
groovaa)  and  (4)  lands  eroded  throughout  the  barrel. 


Llf73) » Cbroulun  mete  flue.).  0.005"  thick.  Bureau  of  Standards. 
Monobloo  gun  steel  barrel.  Length  65"  (45*  plus  20"  anssle  extension). 
Zlootropollahed.  Pointed  lands  at  tha  O.R.  Double  Base  powder. 

?0  a 53,100  p.s.l.)  T#  * 8910  f.p.s.  Pre  engraved  bullets.  1007  rounds 
fired. 

The  barrel  was  plated  at  the  Bureau  of  Standards,  but  the 
aussle  extension  was  unplated.  The  plate  thickness  on  the  lands  varied 
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fro*  0.0051”  At  th*  O.F.  to  0.0012”  «t  * point  52”  beyond. 

Foeults.  (1)  After  94  rounds,  flight  crooking  and  wrinkling 
of  tbo  plot*  ua  visible.  After  254  rounds,  block#  of  plat*  «or*  re- 
•orid  fro*  tta*  driving  edge  of  the  lands  where  th.17  reach  tholr  full 
•ldtb.  The  pointad  land#  war*  in  good  condition  to  gulda  th#  pro-engraved 
bulla ta  until  aftar  round  584)  (2)  Th a rate  of  oroaloa  at  th*  0.8.  **a 

vary  slow,  until  aftar  round  700)  (8)  Th*  ooabination  of  pre-eograved 

bullata  with  a ehroalu*  platad  (0.005^  bora  avrfae*  ahoaad  a llfa  10 
tlaaa  that  of  gw  a teal,  and  5 tlaaa  that  of  a cbrowiuw  platad  barral 
firing  artillery  typw  bullata  undar  hyper-veloeity  conditions > (4)  Tha 

radius  of  dispersion  at  100  fast  wa  constant  to  tha  and  of  tha  taat  with 
only  00*  tlppar. 

1.1(713) « ehrooiw  Plat#  (s.e.) . 0.005*  thick.  Bureau  of  Standards, 
ttonoblos  gun  stsel  barral  (45”  length).  ZlestropoUshed.  Double  Bass 
powder,  lands  0.010”  high-  Pressure  * 55,100  p.s.l.,  Velocity  * 2800 
f.p.s.  Paros-Lubrissd  pra  engraved  bullata  (seating  <0.0005”).  2775 
rounds  fired. 

Tha  bullets  wars  coated  by  tha  Parker  Rust  Proof  Company  of 
Detroit,  iliahicu. 

Results,  (l)  Plat#  vea  gradually  resowed  froe?  tha  bullet  east 
and  fro*  the  O.R.  aftar  1711  rounds.  At  the  and  of  tha  taat,  tha  plats 
bad  hew  resowed  fro*  *oet  of  tha  bora  aurfaaa  to  tha  aiddla  of  the  ba*- 
roll  (2)  Tha  lnertas#  in  disaster  of  th*  land#  was  negligible  to  1151 
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round*)  and  then  inereeecd  to  0. CGZZ*  at  2775  round*.  Thu*  th*  Parco- 
Lubrited  pre-engruved  bulloto  vere  wry  effective  in  prolonging  th*  *ro- 
fllon  lif#  of  a ahroniua  piatad  (0.006")  berwl)  (3)  Th*  drop  in  pr*a*ur* 
•nd  In  velocity  *•«.  nogUgibi*  to  round  IS  81.  Th*r««ft*r  it  lnor**a*d 
with  final  raiu**  of  AP  * -15,000  p.a.l.,  and  f»V  * -460  f.p.a. 
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2.  COBALT  A?iP  COBALT  ALLOY  FLaTKP  IJIM3* 

iim>  Cobalt  alloy  LMJlSl  ± 2S&  3L0.006*  thick..  Heat  treated. 

Bureau  of  Standards.  Eleotropollsbed.  Rifled,  lands  0.005*  high.  D.B. 
powder.  Ball  M-2  bullets.  70  rounds  fired. 

After  being  plated  the  8"  steel  liner  was  heated  at  6009C,  for  1 
hour.  This  increased  the  hardness  of  the  plate  froa  500  to  800  micro-Vickers. 

Results.  (1)  Failure  of  the  cobalt- tungsten  plate  began  at  the  8th 
round  and  proceeded  so  fast  that  it  was  not  possible  to  establish  the  proper 
powder  load)  (2)  Causes  of  failure  were  poor  adhesion,  brittleness,  and  salt- 
ing of  the  plate)  (3)  This  plate  afforded  no  protection  to  the  gun  steel. 

The  loss  of  aetal  was  as  great  as  that  of  gun  steel  alone. 

J(?361i  Cobalt  olate.  0.0053*  thick.  Bureau  of  Standards.  Electro- 
polished.  Rifled,  lands  0.005*  high.  D.B.  powder.  Ball  >4-2  bullets.  153 
rounds  fired. 

Results.  (1)  After  153  rounds  the  O.Ji,  was  still  in  good  condition 
with  the  plate  adhering  to  the  steel  surface,  but  beyond  the  O.R.  the  plate 
was  pitted,  soored,  and  cracked,  probably  due  to  both  powder  gas  erosion  and 
bullet  wear, 

1(737) » Cobalt  allow  (86*  Co  + 1A.1  W)  0.006*  thick.  Bureau  of  Standards. 
Electro polished . Rifled,  lands  0.005”  high.  D.B.  powder.  Ball  21-2  bullets. 

156  rounds  fired. 

The  hardness  of  this  alloy  plate  was  given  ss  about  400  micro-Vickers. 

Results.  (1)  After  140  rounds  ths  plate  was  removed  frost  the  bullet 
seat  for  1/4”)  (2)  The  surface  of  both  lands  and  grooves  was  badly  soared  and 
cracked  showing  the  effeets  of  severe  gas  erosion)  (3)  Cage  aeasureaents 
showed  the  loss  of  aetal  froa  the  lands  to  be  only  slightly  less  than  that  of 
unprotected  gun  steel)  (4)  Although  the  alloy  plate  adhered  to  the  steel,  it 
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failed  to  withstand  the  erosive  effects  ol*  the  powder  gases  under  hyper- 
velocity  conditions. 

Mi  Puolax  allot  IM  Co  > Ul.lY.QM*  thick.  Heat  treated. 

Bureau  of  Standards.  Eleotropoliahed.  Rifled,  lands  0.005”  high.  D.D. 
powder.  Ball  M-2  bullets.  70  rounds  fired. 

After  being  plated  the  liner  was  heated  at  600*C  in  vacuo  for  1 
hour.  This  increased  the  hardness  of  the  plate  to  more  than  500  micro-Vickers, 
Results,  (l)  At  the  sod  of  the  test  the  plate  sas  found  to  be  cracked 
end  reacted  for  —all  are—  for  the  full  length  of  the  liner)  (2)  Cnge  measure- 
ments show  that  the  erosion  s—  severe)  (3)  Heat- hardening  the  plate  lnereased 
its  hardness,  but  also  caused  aore  or— king.  It  lacks  res istanoa  to  posdar  gas 
erosion. 

J(719)  i Duplex  alloy  (82?  Co  + 18?  7)  0.006”  thick.  Bur— a of  Standard!. 
Eleotropol lshed . Rifled,  lends  0.005”  high.  D.B.  powder.  Ball  M-2  bullets. 

150  rounds  fired. 

The  hardness  of  this  alloy  plate  was  given  — about  450  micro-Vickers. 
Results.  (1)  This  plate  was  adherent  but  lacked  erosion  resistance 
in  a manner  very  similar  to  that  of  J(F37). 

J( 742) i Cobalt  all or  (Co-W)  0.010”  thick.  Bureau  of  Staaiards.  8” 
steel  liner.  Eleotropoliahed . Hlflod,  lands  0.005"  high.  D.B.  powder.  Low 
pressure  (52,900  p.s.i.).  Ball  M-2  bullets.  S6  rounds  fired. 

The  Co-7  plate  was  deposited  in  two  layers.  The  inner  layer  (next 
to  the  steel)  contained  about  10?  7 and  was  about  0.005”  thiok.  It  was  plated 
at  a current  density  of  2 aap/dn2.  The  outer  layer  (bore  surface)  contained 
about  5?  7 and  was  also  about  0.005”  thick.  It  was  plated  at  a current  density 
of  1 aap/da2. 


Hoaulta.  (l)  Except  for  a small  area  at  the  end  of  the  liner,  the 
plats  adhered  to  the  steel,  but  it  was  not  ro'j latent  to  ponder  gas  erosion 
being  deeply  scored  for  the  entire  longth;  (2)  Cracking  aaa  severe  dimin- 
ishing toward  the  end  of  the  liner*  I'any  of  the  cracks  were  oirouaferentlal 
Indicating  a lack  of  ductility)  (3)  At  the  0.11.  the  lands  were  swaged  and 
eroded  completely  away)  (4)  The  erosion  is  less  than  that  which  occurs 
with  gun  steel*  The  Co-W  plate  should  be  able  to  resist  erosion  caused  by 
single  base  powder* 
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3.  bigkklallqi  JML& 

£12221 « Duplex  Plata  (75?  flj  ± 25X  W)  0.0032*  thick.  Bureau  of 
Standards.  8"  otael  liner  (T-120  f‘i-T.72).  Klectropolished.  Rifled,  lands 
0.005"  high.  U.B,  powder.  Ball  M-2  ballots.  80  rounds  fired. 

After  deposition  the  plate  was  not  beat  treated.  Its  hardness  vas 
about  600  mioro-Viokers. 

Results.  (1)  Removal  of  the  alloy  plate  began  early  and  at  the 
and  of  tha  test  resulted  in  complete  stripping  of  the  surface  for  the  full 
length  of  the  liner.  This  «as  probably  due  to  the  lack  of  a good  bond  be- 
tween alloy  and  steal  surface}  (2)  The  alloy  plata  afforded  no  protection 
to  the  steel  which  waa  severely  eroded  on  both  lands  and  grooves. 

HU 21*  Bash*  Plata  (75!?  Hi  + 2536  If)  O.OQA2"  thick.  Heat  treated. 
Bureau  of  Standards.  8"  steel  liner  (T-120  Ni-X* 3)  • bleotropoliahed. 

Rifled,  lands  0.005"  high.  D.B.  powder.  Ball  M-2  bullets.  70  rounds  fired. 

After  deposition  of  the  plate  the  liner  waa  heated  at  600*C  for  1 
hour.  The  hardness  of  the  plate  vas  700  micro-Vickers. 

Results.  (1)  The  plate  waa  removed  completely  for  the  full  length 
of  tha  liner,  probably  as  a result  of  poor  bonding;  (2)  Haut  treatment  at 
600aC  for  1 hour  did  not  improve  the  performance  of  the  plate. 
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4.  M IUTJ  LIML'lS: 

iiEAi'  Chroalua  Plata  0.  :Q?"  thick.  Cver  chromium  u cooj  or  plate 
0.0002:,-0.0003"  thick,  Steel  aurfuce  siuchlnod,  Rifled,  lnndu  0.005"  high. 
Liner  in  two  section*,  4-1/2"  and  3-1/2"  l espaotivaiy,  Knds  plated  with 
copper  0.0u5"-0,010"  thick.  D.B,  powder,  ljall  M-2  bullets*  45  rounds 
fired. 

Aftor  being  plated  as  in  J(?3)  tlx*  liners  wore  sent  to  M.I.T, 
where  the  oopper  plate  was  applied, 

Results.  (1)  The  copper  plate  soon  left  the  chroniua  plated  svuv 
face  and  produced  no  improve »enfc  in  the  erouion  at  the  O.It. 

Chromium  plate  (H.C.)  deposited  upon  copper  plate.  Bureau 
of  Standards,  Thickness i Cr  s 0,001",  Cu  a 0,001",  Uochined  surfsoe. 

Lands  0.010"  high.  D.B.  powder,  A.T.  Bullets,  80  rounds  fired. 

Results.  (1)  The  duplex  plate  began  to  ooae  off  at  the  bullet  seat 
and  the  O.R.  after  round  10)  (2)  The  soft  underooating  of  oopper  plate  is 

either  welted  or  softened  by  the  heat  of  the  powder  gases  and  then  rubbed 
loose  froa  the  steel  surface  by  the  friction  of  the  bullet)  (3)  The  above 
combination  of  platings  does  not  isprove  the  resistance  either  to  poeder 
gas  erosion  or  to  mechanical  wear, 

JtF21)i  Chrcaiua  plate_(H.C.)  deposited  upon  nickel  date.  Thickness* 
Cr  a 0,001",  Ni  s 0,001",  Bureau  of  Standards,  Machined  surface.  Lands 
0,010"  high.  D.B,  powder.  428  grains  D.B.  powder  (HIS  1770,239). 

Pq  a 54,300  p.s.l.  A.T.  bullets,  60  rounds  fired. 

Results,  (1)  The  soft  underooating  of  nickel  plate  failed  in  the 
seas  nay  as  that  of  copper  (J-F19),  The  nickel  is  probably  softened  end 


worn  off  by  the  friotlon  of  the  bullet j (2)  The  above  combination  of  plates 
doee  not  Improve  the  resistance  of  chromium  plate  either  to  powder  gas  . 
erosion  or  to  mechanical  wear* 

411221  * Slmlm  .Plata.. (1L? . ) dgscalkl .wson-nlckai  plate  on  top  of 
opener  plate,  Thicknansi  Cr  — 0*001",  Ni  = 0,001",  Cu  a 0,001",  Bureau  of 
Standards*  ^aohinod  surface*  Lando  0.010"  high*  D.B.  powder*  A.T.  bullets* 
10  rounds  fired* 

Tlaaults.  (1)  The  teat  uaa  terminated  after  10  rounds  because  of  the 
coapiete  removal  of  the  plate  from  the  steel  aurfaoe  at  the  O.R, 

lit 23)  t Chrcalua  olate  (A.O ,)  deposited  uiwn  a liner  of  ohremlua- 
copper  alloy.  0,005"  thick.  Bureau  of  Standards,  Machined  surface.  Lands 
0*010"  high*  D.B.  powder*  P.E.  bullets*  HO  rounds  firod* 

An  8"  liner  was  toads  from  a rod  of  ohramlua-copper  alloy  which  had 
beau  precipitation  hardened  by  heating  for  three  hours  at  440°C*  The  prop- 
erties of  this  liner  are  given  belows 

Chromium  0,85$  Harness  (Rockwell  B)  81 

Silieoa  0,10$  Tensile  Strength  33,000  p.s.i* 

Copper  99*95$  Yield  Strength  74,500  p.s.i* 

Results.  (1)  At  the  O.R.  the  plate  was  entirely  removed  after  80 

rounds;  (2)  Cracking  of  the  plate  was  slightly  less  than  usual.  Examination 

of  the  liner  was  difficult  because  it  was  destroyed  in. trying  to  remove  it 

froa  the  breech  section* 

J(F43) i Duplex  allov  (Co-70  plus  chromium  plate.  0.0C9"  thick.  Bureau 
of  Standards*  8"  steel  liner*  Elcctropolished.  Rifled,  lands  0.005"  high. 
D.B.  powder*  Ball  U-2  bullets*  33  rounds  fired* 

The  Co-7  alloy  was  plated  in  two  layers*  The  inner  layer,  of  about 
0*005",  contained  about  10$  W and  was  plated  at  2 aap/da^.  The  outer  layer 
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of  about  0.C02",  oontalnad  approximately  5'/-  W and  was  plated  at  1 aap/da^. 
Still  another  layer  (bore  surface)  but  of  chroniua  (l!.C, },  of  about  0.0  2", 
was  deposited  on  top  of  the  Co-W  alloy. 

Results.  (1)  At  the  O.R.  checker-work  cracking  and  loss  of  plate 
from  the  lands  was  aoderate)  (2)  In  the  forward  half  of  the  liner  crooking 
and  powder  gas  erosion  was  severe)  (3)  Failure  of  the  plate  was  due  to 
poor  adhesion  at  the  O.R.  as  well  aa  o racking  and  spalling  along  the  bore} 
(4)  The  effect  of  the  ohroalua  plate  was  to  proteat  the  Co-W  alloy  fro* 
powder  gee  erosion)  (5)  At  the  end  of  the  test  the  drop  In  pressure  was 
negligible. 

2l££4l>  Cobelt  plate  plus  ohroalua  plate.  0.010"  thick.  Bureau  of 
Standards.  8"  steel  liner.  Eleotropolishad.  Rifled,  lands  0.005*  high. 
D.3.  powder.  Ball  U-2  bullets.  95  rounds  fired. 

The  thiokness  of  the  cobalt  plate  was  0.007"  and  that  of  the 
ohroalua  plate  was  0.003*. 

Reaulte.  (1)  Throughout  the  liner  the  adherence  of  the  plete  was 
good  except  beneath  the  neck  of  the  cartridge  case.  Difficulty  with  ex- 
traction terminated  the  test}  (2)  At  the  O.R.  there  was  only  wild  cracking 
of  the  bore  surface)  (3)  The  performance  of  the  plate  was  ao  promising  it 
was  recommended  that  a second  liner  be  plated  and  the  test  repeated. 

J(F91)  t Liner  I.  Cobalt-chroalua  duplex  plate  on  gun  steel  liner. 
Eleotropolishad.  Bureau  of  Standards. 

Firing  Conditions.  470  grains  D.B.  (20£  :.G.)  powder.  Ball  M-2 
bullets.  Firing  schedule  II  and  III.  Total  rounds  fired  292, 
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. Gun  steel  plated  with  Co  0.0089"  plat®,  followed  with 
0.00S2"  H.C.  Cr  plat®.  Bor®  0.500". 

Result®.  Examination  of  fired  liner  ■ homed i (1)  Cr  plat*  removed 
fro*  5 land®  at  O.R.  for  1/8" • Remainder  o racked  and  wrinkled  but  adherinn 
(2)  Bore  oonatrioted  in  bullet  seat  and  O.R.  area,  fast  conoluded  due  to 
preeeure  inoreeae  oaueed  by  oonatriction. 

J(792)  i Liner  II.  Cobalt-chromium  duplex  plate  on  gun  steel  liner* 
Elect ropoliahed.  Bureau  of  Standards. 

Firing  Conditions.  478  grains  D.B.  (20*  I.G.)  powder.  Ball  M-2 
bullets.  Firing  schedule  XU.  Total  of  501  rounds  fired. 

Liner.  Gua  steel  plated  with  0.0088"  Co  followed  with  0.0028* 

Cr  plate.  Bore  0.800". 

Results.  Examination  of  liner  after  firing  showed t (1)  Plate  re- 
mowed  from  all  lands  from  O.R.  for  2")  (2)  Slight  pitting  of  surface  beyond 

this  point)  (8)  Severe  erosion  of  mussle  section.  Failure  of  liner  in- 
dicated by  drop  in  weloeity  mainly  due  to  erosion  of  mussle  seotion. 

J(FC6)i  Liner  III.  Cobalt-tungsten  chromium  duplex  plate  on  gun 
steel  liner.  Eleotropollshed.  Bureau  of  Standards. 

Firing  Conditions.  470  grains  D.B.  (20*  N.G.)  powder.  Ball  M-2 
bullets.  Total  rounds  fired  62. 

Liner.  Gun  steel  plated  with  0.008"  cobalt-tungsten  alloy  plate, 
followed  with  0.0022*  H.C.  chromium  plate.  Bore  0.800". 

Results.  On  examination  after  firing,  these  conditions  were  notedt 
(1)  Cr  plate  completely  removed  froai  lands  for  4*  beyond  O.R.  and  much  from 
the  grooves  for  2*. 


mm gg 


5,  MdlMMH  i’L/'TrfJ  LtHi.Xn, 

(*)  Gun  Stowl  LLnnrii) 

Jl£2f},»  Ly»er  Mo  Vtru  0.0025"  tnick  deposited  upon  a steel  1W. 
Saooto  bore.  D.B.  powder.  Ball  U-2  bullets.  3U  rounds  fired,  firing 
Schedule  XI. 

A aa jooth  bora  gun  Btoei  linor  of  dimeter  0.515"  wan  plated 
"ltd  & layer  of  moly bd ecu*. 

In  the  caoe  of  thia  liner  the  glass  water  saturator  cracked 
during  the  plating  process,  as  a result  of  which  the  plate  ana  removed  and 
tho  liner  oloaned  for  the  second  tine  by  electropoLlahing.  The  cleaning  was 

not  entirely  satisfactory,  alnce  there  were  some  thinly  coated  spot*  near  the 
cartridge  cnso  neck. 

gwattu 

(1J  At  the  O.R.  the  removal  of  the  plate,  after  30  rounds, 
was  extensive  and  toe  erosion  was  severe. 

(2)  The  cauee  may  be  (a)  the  plate  was  not  thick  enough  to 
prevent  the  formation  of  an  altered  layer  of  steal  beneath*  (b)  tho  steel  sur- 
face may  not  have  been  thoroughly  cleaned,  leaving  snail  areas  with  an  oxide 
coating. 

iim)  l Liner  Mo  0.0033"  thick  deposited  upon  a steel  liner. 

Smooth  bore.  D.B.  powder.  Ball  *-2  bullets.  30  rounds  fired.  Pirlng 
Schedule  II. 

The  plating  operation  was  continued  for  about  70  hours  at  a 
temperature  of  625°C. 

Results. 

(1)  After  SO  rounds  the  plate  was  almost  completely  removed 
froa  the  entire  length  of  the  liner. 
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(2)  Exposed  iiun  ultiol  t- ho  wed  tuorurl  crocking. 

{ i)  Tho  liner  could  not  bo  forced  from  toe  brooch  r.ectlon 
iiftor  firing,  possibly  because  itu  physical  properties  lvid  boon  altered 
during  tho  prolonged  her. ting  at_625°C. 

J(F23),  LL^r  :,!o  1Q60,  0 .00j2"  thick  deposited  upon  o etoel  liner* 

Saootii  boro.  Fluting  tesperature  525°C.  D.B.  ponder.  Bell  'A-2  bullets. 

70  rounds  fired.  Firing  Schedule  II. 

Roaulta. 

(1)  S»«ll  arcus  of  plate  were  removed  from  the  steel  surface 
stoutly  toward  the  nuzzle  end  of  the  liner. 

(2)  Tho  plate  snowed  neither  thornnl  cracking  nor  other  evi- 
dence of  ponder  k&s  erosion. 

(3)  There  was  no  peraanent  expansion  of  this  liner  during  the 
test,  hence  it  wos  removed  fro*  tho  breech  section  with  ense. 

Jt?54)i  Linor  Mo  312.  Klflod,  lands  0.005"  high.  Single  base  (EJR) 
powder.  No  erosion  schedule.  Bell  2-2  bullets.  30  rounds  fired.  Plating 
procedure  shown  in  Table  XVIII. 

(1)  During  rounds  16  - 20,  with  a churge  of  450  grains,  the 
plate  began  to  come  off  in  the  region  around  the  O.R.,  und  after  another 
10  rounds  it  had  been  removed  froa  all  the  lands. 

(2)  it  the  end  of  the  test  the  plate  was  nearly  all  off  the 
breech  half  of  the  liner  and  what  was  left  on  the  nuzzle  half  was  blistered 
and  nearly  ready  to  come  off. 

(3)  The  bonding  of  pl-te  to  steel  was  weak. 
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umh  hiML  Ho  356.  Co  ted  with  .005*  nolybdonua. 

Flrlna  Conditions?  Gr&du.slly  increased  lo;tda  of  single 
br.oo  i'JT.  powder#  ball  2-2  bullets.  Firing  .Schedule  V*  Flrod  100  rounds# 
Plating  technique  shown  in  Table  XVIII# 

Results.  Examination  of  the  fired  liner  showed  (1)  hllaters 
foraed  on  the  plots  during  the  second  5-round  group,  and  (2)  the  plate 
was  removed  In  large  *ro«o  during  the  60  round  emu  Lon  group# 

J(778)t  Liner  Mo  360«  Coated  with  #005"  molybdenum# 

Firing  Condltlona.  Gradually  increased  loads  of  single  base 
Dili  powder#  Bull  !l-2  bullets#  Firing  Schedule  V#  Flrod  100  rounds# 
Plating  tachnlqua  shown  in  Tshle  XVIII# 

Roaults.  Exaninutlon  of  the  fLrod  liner  showed  (1)  plate 
failure  In  the  grooves  started  during  the  first  30  rounds,  *nd  (2)  after 
the  60-round  erosion  group  the  plate  failure  in  tne  grooves  increased. 

90J&  of  the  plate  was  removed  from  2 grooves  iu  the  12  o'clock  sector  of 
the  bore# 

jfF3Q)i  Liner  !lo  365.  Coated  with  thin  cobalt  followed  with  #005" 
molybdenum# 

Firing  Condltlona.  Gradually  increased  loads  of  single  base 
MR  powder.  Ball  3-2  bullets#  Firing  Schedule  V.  Fired  240  rounds# 
Plating  technique  shown  in  Tabls  XVIII. 

Results.  Examination  of  the  fired  liner  showed  (1)  the  lands 
at  the  0#R#  were  in  good  condition,  and  (2)  from  the  0.R#  to  the  end  of 
the  liner  snail  areas  of  Ho  plate  were  resoved  from  the  lands  and  grooves# 
Failure  of  the  pl^te  appeared  to  be  r7t  the  cobalt-molybdenum  . 
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Lnborfnce,  since  cobalt  plate  was  a till  adhering  to  the  .';mi  st*el  auri\.ce. 

LLni’r  Mo  V/1.  Costed  with  .0001"  niclcel  end  then  .005" 

nolybdenu*. 

firing  Conditions.  Gradually  increased  loads  of  single  base 
1UU  po*der.  Ball  4-2  bullets.  Firing  Schedule  V.  Fired  30  rounds* 

Plating  technique  shown  in  Trble  XVIII. 

Result;*.  Exaainutlon  of  the  fired  liner  showed  (1)  failure 
of  the  Mo  plate  on  bullet  scat  started  at  49,000  p.s.i.  pressure,  (2)  con- 
tinued firing  caused  stripping  of  pluta  from  bullet  seat,  lands  and  grooves 
for  a distance  of  1-1/4"  beyond  the  O.H. , and  (3)  frea  1-1/4"  to  the  end  of 
the  liner  the  plate  mb  In  good  condition* 

Jf?89)i  Liner  Mo  374.  Conted  with  .0005"  cobalt  end  then  .005" 
nolybdenu*. 

Firing  Conditions.  Gradually  Increased  load  of  single  base 
UR  powder.  Ball  Id— 2 bullets.  Firing  Schedule  T.  Fired  100  rounds. 

Plating  technique  shown  in  Iable  XVIII. 

Reaults.  Bxamin»tion  of  the  fired  liner  showed  (1)  small  oreas 
of  Uo  plate  were  removed  from  the  bullot  seat  and  grooves  at  the  origin  of 
rifling,  (2)  the  lands  fro*  O.R.  to  4"  beyond  O.E.  were  in  ^ood  condition, 
and  (3)  50%  of  the  plate  was  reaoved  from  the  lend  and  groove  surface  at 
4"  to  3"  beyond  O.R. 

J(F90)l  Liner  Uo  378.  Coated  with  .0005"  cobalt  and  then  .001" 
oolybdattB* 

Firing  Conditions.  Gradually  increased  loads  of  single  base 
UR  powder.  Ball  M-2  bullets.  Firing  Schedule  V.  Fired  100  rounds. 

Plating  technique  shown  in  Table  XVIII. 
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Results.  F-xaalno  tlon  of  the  fired  llr.ur  i.howi-d  (1)  aLight 
Jo  pl<itw  i"iiov/il  fro*  tne  ed(i»  of  the  bulLot  ~<*at  occurred  *f t«r  3J  roundly 
sad  (<i)  after  100  round*  ■■ir*»'u  of  pLite  were  off  the  bullet  neat,  all  lands 
at  the  U.h,  ana  from  tne  land  end  groove  uurfce  tnrou^iout  tae  liner. 

J(712)t  Liner  Jo  376.  Co  iterl  with  .0005*  nickel  followed  with 
•005  oolybdonuiu 

Firing  Conditions.  Gradually  increased  loi  dn  of  single  base 
L’JH  powder.  Ball  ‘4-2  bullotu.  Firing  Schedule  7.  Fired  100  rounds. 

Plating  technique  shown  in  Table  iVIH* 

Ronulta*  Examination  of  the  fired  liner  showed  (1)  removal 
of  Slo  plate  from  bullet  scat  and  /groove b for  1-1/ 2*  beyond  O.F.,  occurred 
after  the  first  39  rounds,  end  (2)  after  100  rounds  50 % of  the  plate  was 
removed  from  the  bullet  neat  and  Q.R*  area. 

J ( 717)  i Llnt?r  Mo  330.  Coated  with  .0001"  plrtinua,  than  .0001* 
cobelt  and  then  .005"  molybdenum.  

Firing  Conditions.  Gradually  increased  loads  of  single  base 
IUR  powder.  Ball  SI-2  bulleta.  Firing  Schedule  7.  Fired  30  rounds. 

Plating  technique  shown  in  Table 

Results*  Examination  of  the  fired  liner  showed  (l)  50?  of  the 
Uo  plate  wes  removed  froa  bullet  seat  and  O.F.  area  after  30  rounds. 

J(FlQ5)i  Liner  Uo  395.  Coated  with  .010*  molybdenum. 

Firing  Conditions.  Gradually  increased  loads  of  double  bese 
( 20f  H.G.)  powder.  Bell  11-2  bullets.  Firing  Schedule  7.  Fired  100  rounds. 

Plating  technique  shown  in  Table*  ****** 

Results.  Examination  of  the  fired  liner  showed  (1)  no  plate 
was  removed  from  the  edge  of  the  bullet  seat  after  30  rounds,  (2)  after 
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100  ro«nd.  pinto  v.,u  removed  coa^tely  from  th«  ballot  (3)  30? 

of  the  pUte  *aa  removed  from  L«  »<1  *.nd  groove  r.ur^co  «t  O.R.  -uvd  to  4" 
beyond  O.R.,  *ud  (4)  from  4-  to  8-  beyond  OJU  50?  of  th.  ™ 

ooved  from  the  Uod  groove  uarf^ce. 
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(b)  'Jo  Otulllte  t?21  Liners. 

jfF43)>  Llnor  >Jo  271GS.  Coutud  a ltd  molybdenum  0.00 j"  thick. 
Rifled,  laud3  U.QG5"  high.  D.B,  ponder.  Ball  J-l  bullets,  il  rounds 

fired.  Firing  Schedule  II. 

The  aolybdenua  plats  vvb  deposited  upon  the  utollite  surface 
fro*  aolybdenua  carbonyl  vapor.  The  liutr  v b first  heated  and  plated 
with  a very  thin  protective  coating  at  625°C,  then  heated  to  900aC  end 
cooled  i**ed lately  to  the  plating  temperature.  This  required  ’bout  10 
ainutes.  The  liner  was  then  plated  at  590*C  for  33  hours.  The  resulting 
plate  bad  * hardness  of  about  600  aiero-?ickers 

Rasul ts. 

(1)  Raoovsl  of  aolybdenua  began  on  the  4th  round  st  reduced 
pressure  and  nt  the  end  of  the  test  was  nearly  complete  for  the  full  length 
of  the  liner. 

(2)  The  failure  of  the  plate  occurred  in  the  following  se- 
quences (a)  appearance  of  a taall  circuit r dark  urea,  { u)  which  becomes  a 
blister,  (o)  then  spalling  of  the  plate. 

(3)  The  exposed  stellite  showed  a network  of  crocks  which 
were  very  severe  nt  the  breech  end  of  the  liner. 

(4)  The  liner  failed  because  of  poor  adhesion  of  the  aolyb- 
denua  plate  to  the  stellite  surface  which,  of  itself.  Is  not  resistant  to 
the  attack  of  the  gases  fro*  double  base  powder. 

J(F49) l Liner  Ho  285.  Coated  with  aolybdenua  0.0015"  thick. 

Rifled,  lands  0.005*  high.  D.B.  powder.  All  rounds  at  reduced  charge. 

Ball  U-2  bullets.  6 rounds  fired. 
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Results. 

(1)  At  the  O.R.  remove  1 of  the  pU te  begun  nt  the  .;nd 
round  and  extended  rapidly  tho  full  length  of  the  liner.  Failure  was 
evidently  caused  by  poor  ?.dherence  of  Lie  pi"  te  to  the  liner. 

j(F50)t  Llnor  Uo  270.  Cotcd  with  nolybdenua  0.0015"  thLck. 
h if  led,  l.-nda  0.005"  nigh.  Single  Mae  IJ1R  powder.  Bali  U-2  bullets. 

14  rounds  fired. 

The  fabrication  of  the  iinur  end  its  coating  v.^s  the  *?ae 
an  that  described  in  j(P49)» 

The  flame  temperature  of  this  I UR  powder  was  about  600*C 
lower  than  that  of  the  double  base  powder  ordinarily  uaod. 

Reaulta. 

(1)  Removal  of  plate  fro«  the  stellite  surface  began  after 
the  3rd  round  and  grew  worse  but  it  was  not  severe  an  .ltd  double  base 
powder. 

(2)  Poor  adherence  of  the  piste  to  the  bore  surface  may  be 
due  to  seleetlve  diffusion  of  tile  aolybdenum  into  the  stellite,  the  failures 
occurring  where  little  or  no  solybdenua  has  diffused  below  tne  stellite 
surface. 

JfF51):  Llnor  Ho  292.  Coated  with  nolyudenue  0.003"  thick.  Rifled, 
lands  0.005*  high.  Single  base  IUR  powder.  Ball  H-2  bullets.  86  rounds 
fired.  Firing  Schedule  II. 

Results. 

(1)  The  plate  blistered  after  the  12th  round,  and  by  the  end  of 
the  test  this  condition  had  spread  throughout  the  liner  resulting  in  the  loss 
of  nolybdenun  froa  many  saall  ureas. 
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(2)  Under  similer  condition#  AL,  AV  end  AP  nera  all'  leas 

than  when  double  base  powder  waa  used. 

\ 

J(FS2) i Liner  Mo  295.  Coated  with  aoljbdenum  0.003*  thick.  Rifled, 
lands  0.008*  high.  Single  base  IMR  powder.  Ball  k-2  bullets.  14  rounds 
fired. 

This  liner  was  plated  twice  beoanse  of  trouble  in  plating  op- 
eration. 

The  aeeond  plating- was  substantially  the  saae  as  that  desoribed 
in  J(F49).  The  total  plating  tine  waa  81  hours. 

Results.  (1)  The  plate  began  to  fall  at  the  third  round,  the 
nature  of  the  failure  being  the  saae  as  that  already  desoribed  shore. 

J(rS3h  Liner  Mo  807.  Coated  with  aolybdenua  0.005*  thick.  Rifling, 
lands  0.005*  high.  Single  base  IMR  powder.  Ball  M-2  bullets.  40  rounds 
fired.  Firing  schedule  F. 

After  etching  orersise,  the  liner  waa  heated  in  vacuo  at  1000*0 
for  11  minutes  and  cooled.  After  a slight  additional  etch  to  clean  the 
surface,  the  liner  was  plated  for  24.5  hours  at  a carbonyl  temperature  of 
29*0  a hydrogen  pressure  of  0.075  mm.  In  other  particulars,  the  treat- 
ment was  identical  with  that  given  the  liner  in  J(F49). 

Results,  (l)  The  plate  failed  before  the  10th  round  with  a 
charge  of  550  grains  and  a pressure  of  only  51,500  p.s.i.  The  failure 
grew  worse  as  firing  progressed. 
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Lln.jf  Mo  315.  Co.  ted  with  molybdenum  0.QJ5"  thick. 

Rifled,  lands  0.0o5"  high.  dingle  base  I.®  powder.  Ball  M-2  bullets. 

90  rounds  fired.  Firing  Schedule  V. 

Plating  procedure  shown  in  Table  H. 

(1)  After  20  rounds  the  aolybdenua  plate  appeared  to  be 
unchanged,  but  failure  occurred  during  the  next  60  rounds* 

(2)  Plate  wus  removed  from  the  lands  only  at  the  O.R,  and  3/4* 
beyond*  Plate  In  the  grooves  was  not  damaged* 

(3)  Failure  of  the  plate  occurred  ehere  engraving  otreeaee 

a ore  highest,  hence  it  nay  be  due  to  (a)  thinning  of  the  aolybdenua  plate 
end/or  (b)  inability  of  aolybdenua  plate  to  withstand  the  engraving  stresses 
or  the  wear  caused  by  friction  of  the  bullet* 

/frrfli  him  Ho  338.  Coated  with  aolybdenua  *0047*  thick* 

Firing  Conditions.  Gradually  increased  loads  of  single  base 
TUB  powder*  Ball  U-2  bullets*  Firing  Schedule  V*  Fired  230  rounds. 

Plating  procedure  shown  in  Table  XX* 

Results.  Examination  of  the  fired  liner  showed  (1}  plate  was 
unchanged  after  the  usual  30  pressure  rounds,  (2)  after  first  erosion  group 
there  was  slight  failure  on  the  driving  edge  of  the  land  just  beyond  the  0*R*, 
(3)  the  plate  wee  resowed  from  the  lands  for  a distance  of  1-7/3  inches  beyond 
0*R*  after  the  second  erosion  group  end  (4)  there  was  no  plate  failure  in  the 
grooves* 

Test  was  concluded  because  of  land  failure* 
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J(?53)»  LLni.-r  Mo  143.  Co-  tod  v.Lti  .005*  nolybdwiun. 

Firing  Conditions.  Gradually  Lacreas-d  lo;.do  of  single  Lace 
XUK  jjOJf der.  Bull  'J—2  bullets.  firing  Ochedula  V.  Flrf.d  100  round*. 

Plating  procedure  suo*n  in  Table  

Results.  Exaninutlon  of  tuft  fired  liner  shoutd  (1)  failure 
of  the  pLte  started  oa  tile  driving  edge  of  tho  lands,  (-;)  serious  rur.oval 
of  the  plate  fro*  the  lunds  sad  grooves  for  tae  entire  length  of  liner  after 
the  fir at  erosion  group,  and  (3)  groove  failure  probably  partly  caused  by 
gas  linkage* 

Teat  we  concluded  because  of  both  land  :.nd  groove  failure* 
iln 21  : Liner  TJo  319.  Coated  with  *005*  aolybtlcnue. 

firing  Conditions.  Gradually  increasing  lo=da  of  single  base 
I3R  ponder.  Ball  U-2  bullets*  Firing  Schedule  V*  Fired  24a  rounds* 

Plating  procedure  shown  in  Table 

Reaults.  Examination  oftthe  fired  liner  showed  (1)  plate  was 
adhering  to  Stellite  surface  after  240  rounds,  and  (3)  no  breaking  along  the 
driving  edge  of  the  lands* 

jfF74)»  Liner  Mo  353.  Coated  with  .003"  solybdenua. 

Firing  Conditions.  Gradually  Increasing  loads  of  double  base 
{20%  M.G.)  powder.  Ball  M-2  bullets.  Firing  Schedule  V.  Fired  100  rounds. 

Plating  technique  shown  in  Table 

Results.  Examination  of  the  fired  liner  showed  (1)  plate 
started  falling  during  the  first  5 rounds  end  (2)  pressure  drop  of  13,300 
p.s.i.  after  100  rounds. 

Test  was  concluded  because  of  this  plate  failure. 
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J(F76)»  Lln.?r  ,'to  357.  Co*  ted  with  .005"  uolybdenum. 

Firing  Conditlonu,  Gradually  Incronuinj'  lo’.uu  of  u ingle 

\ 

b.»y*  I UK  powder.  Hall  IW  bullets.  Firing  lichedule  7.  Firod  10:  round*. 

Plating  tecnnlque  shown  in  Tabla  XX. 

Rosulta,  Fxanlnution  of  the  fired  linor  showed  (1)  plat* 
un*  removed  fro*  tae  driving  «nd  leave rd  edge*  of  the  lauds  for  2-1/2  inches 
and  (2)  no  removal  of  plate  fro*  groove*. 

Test  was  concluded  because  of  the  land  failure, 
slm li  Coated  with  *005"  molybdenum 

Firing  Conditions.  Gradually  increasing  loads  of  single  base 
MR  powder.  Ball  ’1-2  bullets.  Firing  Schedule  7.  Fired  100  rounds. 

Fluting  tecl&lqu*  shown  in  Table  XX. 

Results,  Examination  of  the  fired  liner  showed  (1)  failure 
of  the  bond  started  during  the  third  5-round  pressure  group,  (2)  after  30 
round*  the  plate  failure  extended  to  2-1/2  inches  beyond  the  0.R,,  and  (3) 
large  areas  of  plate  were  rewovod  fro*  the  land  and  groove  surface  nftor  100 
rounds.  For  this  reason  the  teat  was  concluded, 

*CraiL  Liner  Ho  366,  Coated  with  ,005"  molybdenum. 

Firing  Conditions*  Gradually  increasing  loads  of  single  base 
MR  powder.  Ball  Jf-2  bullets.  Firing  Schedule  7.  Fired  130  rounds. 

Plating  technique  shown  in  Table  XX. 

Results,  Examination  of  the  fired  liner  showed  (l)  plate  failure 
on  the  lands  started  during  the  15  pressure  rounds  at  53,3 00  ?.c.i.(cu.), 

(2)  plate  failure  oocurred  on  the  leads  for  a distance  of  3/8*  beyond  the  O.S. 
after  100  rounds,  and  (3)  no  plate  failure  in  the  grooves. 

Tost  was  concluded  because  of  the  above  land  failure, 

1ml  . 
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J(F32)»  Lln*r  >lo  367.  Coated  with  .005*  nolybdwmn, 

firing  Conditions.  Gradually  increasing  loads  of  single  bese 
IHR  powder.  Bell  U-2  ballot*.  Firing  Schedule  7.  Fired  240  rounds. 

Plating  technique  shown  in  Table  XX. 

Results.  Examination  of  the  firod  linor  ah  w«d  (1)  plate 
failure  on  the  driving  edge  of  the  land*  started  during  the  15  pressure  round* 
at  57,600  p.fl.i.(cu.),  (2)  after  100  round*  the  condition  of  the  piste  was  the 
sane  as  in  Linor  Jlo  366  (j(fSl)),  and  (3)  after  240  rounds  40£  of  the  plate 
was  off  the  bullet  seat,  coepl.itely  off  6 land*  at  the  O.R.,  and  for  a distance 
of  3/4"  beyond  O.R.  and  In  snail  areas  off  the  grooves.  Beyond  the  O.R.  the 
driving  edge  of  the  lend  was  chipped.  Test  was  concluded  because  of  this 
condition. 

J(T%)) » Liner  3o  368.  Coated  with  .007*  aolybdenun. 

Firing  Condition*.  Gradually  increasing  load*  of  single  base 
IUR  powder.  Ball  6-2  bullets.  Firing  Schodule  V.  Fired  240  rounds. 

Plating  technique  shown  in  Table  XX. 

Results.  Examination  of  the  fired  liner  showed  (1)  after  100 
rounds  the  only  failure  was  chipping  along  the  driving  edge  of  the  lands  for 
1/10*  at  the  O.R.,  (2)  after  240  rounds,  the  plate  was  off  the  edge  of  the 
bullet  seat  and  the  driving  edge  of  all  lands  at  the  O.R.  and  (3)  beyond  ths 
O.R.  the  land  and  groove  surface  was  unchanged. 

Jfyasli  Liner  Mo  369.  Coated  with  .005*  nolybdenua. 

Firing  Conditions.  Gradually  increasing  loads  of  single  base 
IUR  powder.  Ball  U-2  bullet.  Firing  Schedule  V.  Fired  240  rounds. 

Plating  technique  shown  in  Table  XX. 
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Rc-Giilfc.^.  Examination  of  t;o  flrod  lixior  allowed  (1)  after  100 
rounda  t 'o  plate  was  off  the  edge  of  bullet  Seat,  chipped  on  driving  edge  of 
all  lands  at  Q.R,  and  up  to  4"  beyond  O.R«,  (2)  after  240  rounds  $0%  of  th.'  . 
plate  vas  off  the  bullet  seat  In  the  12  o’clock  sector  - partially  off  the  lands 
at  the  0.F,  and  off  in  snail  areas  in  the  grooves  up  to  1-1/2"  beyond  the  0,R*, 
and  (3)  beyond  1-1/2"  the  plate  was  to  good  condition,  except  for  sli^t  chip- 
ping on  driving  edge  of  lands* 

J(?36)t  Liner  ffo  372.  Coated  with  *007"  aolybdenua* 

Firing  Conditions*  Gradually  increasing  loads  of  singls  bass 
IUH  powdor.  Ball  H-2  ballots*  Firing  Schoduls  f.  Fired  240  rounds* 

Plating  technique  shown  in  Table  XX. 

Rosults.  Examination  of  the  fired  liner  showed  (1)  no  failure 
of  the  piste  was  observed  during  the  first  100  rounds,  (2)  after  240  rounds, 
slight  failure  occurred  on  the  driving  edge  of  the  lands  and  In  the  grooves, 
add  (3)  beyond  1/4"  froa  tfle  0*B*  the  piste  was  in  good  condition* 

Liner  Ho  373.  Coated  with  *007"  aolybdenua* 

Firing  Conditions.  Gradually  increasing  loads  of  single  base 
I MR  powder*  Ball  M-2  bullets*  Firing  Schedule  7.  Fired  30  rounds* 

Plating  technique  shown  in  Table  XX. 

Results.  Examination  of  the  fired  liner  showed  (1)  plate  failure 
occurred  in  the  first,  five  pressure  rounds,  (2)  continued  firing  caused  more 
reaoval  of  plato  froa  the  lands,  and  (3)  plate  failure  occurred  on  the  lands 
at  3 and  5 o’clock  for  a distance  of  1-1/2  to  2-1/2  inches* 

JfF95)t  Liner  Mo  379.  Coated  with  .0075"  aolybdanua. 

Firing  Conditions.  Gradually  increasing  loads  of  double  base 
(20f  S.G.)  powdor.  Ball  SI-2  bullets.  Firing  Schedule  Y.  Fired  240  rounds. 
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Plating  technique  shown  in  Table  XX. 

F ■'jiults.  Examination  of  the  fir  ml  l in  or  uhoaod  (1)  small  hole* 
were  Bade  by  te»  ring  a my  of  tha  nodules' after  30  pressure  rounds,  (.’)  after 
100  rounds  failure  progressed  .'it  the  mu«1L  holes  r.nd  (3)  savore  plate  fail- 
ure urouion  of  tha  exposed  atellite  occurred  after  240  rounds. 

JfFl03)i  Liner  Ho  303.  Conted  with  .003*  molybdenum. 

Firing  Conditions.  Gradually  increasing  loads  of  doubla  base 
(20 % N.G.)  powder.  Ball  U-2  bullotn.  Firing  Schedule  V.  Fired  240  rounda. 

Plating  technique  shown  in  Table  XX. 

Results.  Examination  of  the  flrod  liner  showed  (1)  no  failure  at 
O.R.  after  30  rounda, and  (2)  plate  was  removed  froa  bullet  seat  ond  groove# 
after  lOQ  rounda.  The  exposed  stellite  was  severely  eroded  after  240  rounds. 

jmQ7l^J)F103).  J)FlU9)l  liners  'Jo  297.  Mo  399.  Mo  404.  Coated 
with  .010*  molybdenum. 

Firing  Conditions.  Gradually  increasing  lo:.ds  of  double  base 
(205t  N.G.)  powder.  Ball  ii-2  bullotc.  Firing  Schedule  V.  Liner  Uo  397  was 
fired  240  rounds;  the  other  liners  {’Jo  399  *nd  Mo  404)  were  fired  100  rounds. 

Plating  technique  shown  in  Table. XX. 

Results.  Tha  liners  failed  in  the  s&ae  manner.  Examination  of 
the  fired  liners  showed  (1)  liners  Jo  399  *nd  Uo  404  showed  slight  peeling 
of  plate  after  30  rounds  and  Bevere  failure  after  100  rounds,  and  (2)  liner 
ao  397  showed  slight  peeling  of  piste  after  100  rounds  and  severe  failure 
after  240  rounds. 
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L r lag  Condition 


Co  tzd  *tth  .0125"  molytdenu*. 

Gradually  lncre»nlng  IorDs  of  double  bnse 


(20%  N.G.)  po..dor.  Ball  M-2  bullets.  Firing  Schedule  V.  Fired  240  rounds. 

Pin  tint;  technique  shown  in  Table 

hooulta.  Exsain1  tioa  of  the  flrod  liner  showed  (l)  slight 
failure  of  the  plate  nlong  the  edge  of  tie  bull*  t seat  after  30  round*,  (2) 
after  100  round*  snail  areas  of  plate  were  restored  from  the  groore*  near  O.F., 
and  (3)  after  240  round*,  there  was  serere  scoring  of  the  exposed  Stellite 
surface. 
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6.  sprayed  ::0LYf  DK?;::,.»  c/urnr,-,.  . 

ii£22i*  M^Monna  Plata  "acraycd  and  roller  welded”.  Maasaohuaetts 
Inotitute  of  Technology,  6"  liner  coated  with  Mo  for  2".  Smooth  bore* 

D.B.  porvder*  Boll  H-2  bullets*  51  roundo  fired* 

The  method  of  fabricating  this  liner  was  devised  by  Prof*  John. 
Tltilff*  A carbon  mandrel  was  first  coated  to  a thickness  of  0*020 "-0*0 50” 
with  molybdenum  by  means  of  the  spraying  technique*  The  coated  mandrel 
was  then  sintered  in  hydrogen  to  reduoe  the  oxide  content  and  to  promote 
densifioatlon*  After  sintering,  the  mandrel,  together  with  its  coating, 
was  ground  to  a 1/32"  per  foot  taper  for  2*  of  its  length*  The  smooth 
bore  gun  steel  tube  was  then  ground  to  the  saae  taper  and  plated  with 
0*001"  of  copper*  The  mandrel  wae  cooled  in  liquid  air  and  pressed  into 
the  gun  tube  by  a force  of  300 , lbs.  The  carbon  mandrel  was  finally  bored 
out  and  the  Interior  surface  was  ground  to  e diameter  of  0*510"* 

Results*  (1)  The  molybdenum  surface  developed  a deep  ermek  during 
the  first  16  rounds,  but  there  was  no  change  in  its  appearance  after  51 
rounds*  The  cause  of  the  oraek  was  probably  a lack  of  ductility  In  the 
molybdenua  and  a failure  to  follow  the  expansion  of  the  steel  liner  during 
firing}  (2)  There  wae  no  checker-work  cracking!  (3)  There  was  an  Increase 
In  diameter  of  the  smooth  bore  of  0*002”  due  to  permanent  expansion  of  the 
liner* 

J(£3Qlt  Molybdenum  pfctf  U&  Tll^t1-  Spraying  and  roller 

welding  technique.  Massachusetts  Institute  of  Technology,  8"  steel  liner, 
coated  with  Ho  + l/2%  Ni  for  2",  Smooth  bore.  D.B.  powder*  Ball  3-2 
bullets*  45  rounds  fired* 

CONFIS&mfc 


The  technique  of  fabricating  this  liner  was  the  sane  as  that 
described  in  J(F29).  The  purpose  of  spraying  nickel  with  the  molybdenum 

'•v 

v 

is  to  produce  a density  of  the  sprayed  coating  of  over  99#  aftor  sintering 
in  hydrogen, 

Results.  (1)  At  the  end  of  10  rounds  the  coating  had  3 longitudinal 
cracks  at  the  breech  end  of  the  liner*  After  45  round*  there  were  7 such 
crack*,  3 of  which  war*  at  the  auxils  end  of  ti^a  coating.  The  oauae  of 
the  cracking  we*  the  *aae  a*  In  J(F29) \ (2)  There  was  no  ohecksr-workj 
(3)  There  wae  an  increase  in  diameter  of  the  smooth  bore  of  0,0025"  due  to 
permanent  expansion, 

JCF311»  Molybdenum  plate  containing  l/?%  nickel  and  ^ cocper. 

Spraying  and  roller  welding  technique,  Massachusetts  Institute  of  Technology. 
8"  steel  liner  coated  far  a length  of  2”,  Smooth  bare,  D.B,  powder.  Ball 
H-2  bullets,  45  rounds  fired. 

The  technique  of  fabricating  this  liner  was  the  s ana  as  that 
described  in  J(F29), 

Results.  (1)  Ihe  only  difference  between  the  erosion  observed  and 
that  described  in  J(F30)  and  J(F29)  is  that  more  crocks  developed  and  the 
surface  was  pitted. 
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7.  PAR  CO  L'T’RITE  COATTMC^i 

iUlilt  Par«2a.I#ubglta-g^oAlng  on  nonoMoo  . t?nn  at-oOl  barrol,  C outing 
0,0005"  thick,  niflod,  lands  0,010"  high,  .3,  pondor,  A.T.  Copper  bartdod 
bulloto,  199  rounds  flrod, 

Tha  Parco  Lubrite  coating  produces  a chemical  reaction  on  tho  bora 
surface  which  results  in  a non-raotullic  oil-abaorptivo  film  consisting 
chiofly  of  a mixture  of  Iron  and  manganeBo  phosphates.  Tha  gun  boro  was 
givon  thia  treatment  by  th*  Parker  Rust  Proof  Company,  Dotroit,  Michigan, 

Results,  (1)  There  was  savers  cracking  and  Incipient  nolting  of 
the  boro  ourfaoo  at  and  beyond  ths  O.R.;  (2)  A comparison  of  tha  erosion 

characteristics  of  this  test  with  those  in  the  control  tests  C(F6)  ard 
C(F12)  shows  that  the  Paroo  Lubrite  boro  doss  not  improve  the  porfornanoe 
of  the  barrel  even  in  a single  particular. 
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Comments  by  J.  F.  Schairer  on  *Final  Report  from  the  Franklin 
Institute  entitled,  "The  Behavior  of  Gun  Liners  and 
Coatings  Tested  under  Conditions  of  Hypervelocity  w 

page  1 

Chromium  plate  is  not  listed  as  one  of  coatings  tested 
The  Harvard  Report  lists  Cu  plate — this  is  not  covered  at  all 
in  the  FI  report 

last  line  - Change  "as  the  outer  coating"  to  "as  the  bore 
surface  material" 

page  2 

Under  section  1 line  2 add  "breech"  after  the  word^short* 
line  3 add  "bore  surface"  before  "coating  4 

page  5 

Vlhy  not  state  in  what  direction  "copper"  pressures  differ 
from  true  piezoelectric  measurements  of  pressure 


page  6 

line  2 - insert  the  word  "breech"  before  "liner" 

The  sentence  forming  lines  6 and  7 is  ambiguous  (the  phys. 
properties  were  not  "thus  tested  in  the  form  of  liners") 


Table  II,  p.  7 

Table  II  is  unsatisfactory  as  follows:  No  data  on  elongation 
or  reduction  of  area  are  given.  These  have  an  important 
bearing  on  behavior  the  liner.  The  data  quoted  under 
SAE  4150  Is  that  for  Y/D  4150.  In  Table  II  since  no  compn. 
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Table  IX  (comments  continued) 

is  given  for  silicon  steel  properties  mean  nothing.  The  rap 

of  Cr  is  taken  from  Intemat.  Critical  Tables  and  does  not 

represent  the  better  data  obtained  by  Climax  and  Westinghouse. 

Data  for  cobalt  is  for  cast  raetal  which  values  have  little 

bearing  on  properties  of  plated  metal  - same  applies  to  copper 

Mo  tensile  strength  256  - 315  x 1(P  psi  should  be  explained  - only 

on  fine  wire^not  on  material  of  suitable  size  for  a liner. 

Also  hardness  varies  with  amt.  of  mechanical  working. 

3 

W - 577.4  x 10  psi  for  tensile  strength  should  be  explained  -only 
on  fins  wire. 

Some  data  on  tensile  strengths  of  Cr-base  alloys  are  available 
in  Climax  reports. 

Table  III,  p.  3 

line  2 - "SAE  4150"  should  read  «WD  4150" 

Why  is  SAE  9260  included  in  this  table? 

Is  nothing  more  available  on  the  silicon  steel  than  that  it 
had  4.7#  Si? 

Under  stellite  No.  21  ranges  of  compn.  are  given  except  for  Mo 
and  there  is  no  mention  of  Ni  (which  is  always  present)  and 
iron  is  more  than  a small  amount  - why  not  use  the  Army  speci- 
fications for  stellite  No.  21  compn.? 

Why  is  stellite  No.  6 listed  here?  It  was  not  tested  at  FI. 

page  13  section  1 (a)  line  1 
"better"  what? 
section  1 (a1)  line  4 

Change  to  "manufacture 


metallurgy" 
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page  13  (continued) 

section  1 (a)  line  6 

Change  "proper  work  and  heat  treatment"  to  "intensive 
mechanical  working  accompanied  by  suitable  annealing 
treatments" 

section  1 (a)  lines  7 & 8 

Change  to  "Powder  metallurgy  ingots  intensively  worked 
in  only  cue  direction  give  etc" 
section  1 (a) 

At  end  of  first  paragraph  add  the  sentence:-  "Mechanical 
working  (cold  work)  increases  the  strength,  hardness  and 
ductility  of  molybdenum" 
section  1 (a),  second  paragraph. 

Change  first  sentence  to  "Many  of  the  early  liners  tested 
had  no  mechanical  working  or  insufficient  mechanical 
working  and  consequently  they  failed  after  a few  rounds 
by  longitudinal  cracking  or  by  surface  cracking  and 
spalling  of  metal." 

p.  13  near  bottom  under  Low  Hot  Hardness 

Change  first  sentence  to:-  "Pure  unworked  molybdenum  or 
pure  molybdenum  which  had  had  insufficient  cold  working 
has  been  shown  to  be  too  soft  at  the  temperature  reached 
in  guns  during  firing  to  withstand  the  engraving  stresses. 
As  a result  there  is  a gradual  deformation  of  the  rifling 
(particularly  at  or  near  the  origin  of  rifling)  by  the 
swaging  impact  of  Jacketed  ofc  banded  projectiles." 
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pago  14 

line  1 - after  "hardened"  add  "either  by  intensive  cold  working 
or  by  a combination  of  alloying  and  cold  working," 
lines  3 & 4 - after  "material"  say  "shows  excellent  resistance 
to  powder  gas  erosion" 

under  "Low  Coef.  of  Expansion"  line  4 - change  "out  of  line"  to 
"out  of  alignment* 

and  line  5>at  end  of  this  line  add  "from  rotation" 

page  14 

under  "Low  Coef.  of  Expansion"  near  bottom  of  page 
change  line  1 "corrected"  to  "counteracted" 

page  17 

Comment  on  item(3)  Barrel  Temperature  Measurements 
This  item  is  of  general  interest  not  only  for  Mo  liners  but  also 
all  liners  tested  and  should  be  moved  to  section  A(3)  "Conditions 
of  Firing"  which  begins  on  p.  3 of  this  report 


page  22 

under  (11)  Composition  - Change  first  sentence  to  "The  pure 
molybdenum  so  far  tested  was  too  soft  to  withstand  engraving 
stresses  without  some  deformation  of  the  rifling."  and  add 
"It  may  be  possible  to  correct  this  by  a change  in  the  fabri- 
cation process  to  start  with  larger  metal  ingots  which  will 
permit  more  hardening  by  intensive  cold  working." 
and  in  line  ^delete  "(hot  working"  - in  the  case  of  molybdenum 
most  of  the  forging  takes  place  below  the  recrystallization 


although "hot" is  really  cold  working. 
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page  22  Under  (S)  Composition  in  line  4 

After  the  word  "comparison”  put  an  asterisk  and  the  following 
footnote: 

"Attention  should  he  called,  however,  to  the  fact  that  these 
liner  materials  were  produced  while  developing  a fabrication 
schedule  and  the  several  materials  were  not  all  subjected  to 
the  same  amount  of  cold  working  or  comparable  working  and 
annealing  schedules." 

page  22  Last  sentence  - Change  to  "These  results  suggest  that  Ho  with 
0.1J?  Co  gives  the  best  and  most  consistent  performance." 


page  30 

First  line  - insert  the  word  "cast"  before  "chrome  base  alloy 
liners." 


page  31 

Line  8 - change  (d)  to:  "Dimensional  changes  due  to  improper 
stress  relief  of  one  of  the  liner  castings  caused  a bore 
constriction  thereby  resulting  in  excessive  powder  pressure" 


page  35  - top  of  page 

Add  (e)  Tantalum  is  available  only  in  thin  walled  seamless 

tubes.  If  tantalum  liners  were  used  it  would  be  necessary 

to  find  a satisfactory  method  of  attachment  in  the  gun  bore. 

fa u, 

In  order  to  perform  theA testsAthe  thin  walled  tubes  were 
inserted  in  a steel  shell  and  the  tantalum  held  in  place  by 
a deliberate  galling  of  tantalum  against  steel. 
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page  36 

line  1 - after  "boreAdri.lled"  add  "from  cast  tubes” 
line  4 " Change  "Stellite  is"  to  "Stellites  are" 
line  5 - Change  "It  is"  to  "They  are" 
line  7 - Change  "alloy"  to  "alloys"  and  "is"  to  "are" 
line  8 - Change  "it  has  a melting  point"  to  "Stellites  have 
melting  points"  and  lines  8 and  9 "being"  to 
"and  lie  in  the  range  between  1250  and  1320°C" 

page  40 

last  line  of  (2)  z-nlckel  - change  to  "is  characteristic  of 
most  high-nickel  alloys" 

page  46  - 

2nd  last  paragraph  on  this  page  - 

I would  not^  use  the  words  "adheres  well."  In  the  process  Just 
described,  there  is  no  question  of  lack  of  adhesion  (inadequacy 
of  the  chromium  to  steel  bond)  but  failure  is  by  undercutting. 

I would  say  "there  is  no  undercutting  and  the  chromium  remains 
on  the  steel  bore  surface." 
page  46  2nd  last  line  - 

Change  "adhering"  to  "remaining"  or  delete  "adhering" 
page  57 

Under  Conclusions 

(a)  Change  to  "Chrome  plate  is  resistant  to  powder  gas  erosion 
(both  chemical'  attack  and  melting)." 

page  60 

Change  first  sentence  to  "All  the  liners  tested  failed  by  melting 
of  the  surfacd."  . 1 ' 


Under  (a)  Composition 

Change  2nd  line  "Severe  gas  erosion"  to  "Melting" 

Just  below  middle  of  page  - delete  "gas  erosion"  and  take 
"(melting)"  out  of  parentheses 

page  63 

Under  (l)  Types  of  Failures  Observed  - 

This  report  lists  only  low  melting  point.  The  Harvard  Report 
also  cites  lack  of  chemical  resistance. 

Under  Low  Melting  Point  - 

Change  to  "All  liners  failed  by  a combination  of  chemical 
attack  and  melting." 

i B8  on  p.  148  of  the  P.I.  report  the  cause  of  failure  is 
stated  as  poor  bonding.  There  is  no  mention  of  poor 
bonding  in  the  Harvard  Report. 

page  65 

Under  item  (1) 

Change  last  sentence  to  "Practically  100J?  of  the  plate  was 
removed  from  the  bore  surface  principally  by  melting  but  the 
removal  may  have  been  accelerated  by  simultaneous  chemical 
attack  presumably  by  sulfur  from  the  powder  gases." 

Under  (3)  Conclusions 

Change  to  "Nickel-tungsten  alloy  plates  do  not  have  the  proper 
combination  of  thermal  properties  and  resistance  to  chemical 
attack  by  powder  gases  for  bore  protection  under  hypervelocity 
conditions." 
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page  66 

Under  (a)  Erosion  Resistant  Properties  of  the  Duplex  Plates  Tested 

Tho  first  sentence  is  not  quite  a truo  statement.  When  ,007"  Co 
+ .003”  Cr  was  one  of  the  duplex  plates  tested  one  can  hardly 
say  "All  the  duplex  plates  tested  have  used  chromium  as  the 

main  plate  to  protect  the  gun  steel  against  the  thermal  effects 

_ . tl 

of  powder  gasos. 

After  the  end  of  the  first  paragraph  under  this  section  I would 
add  something  like  this  - "Undercoats  beneath  chromium  plate 
were  tried  to  improve  the  performance  of  chromium  by  preventing 
the  "mushrooming"  of  cracks  in  steel  beneath  chromium  as  de- 
scribed on  page  46  of  this  report.  Erosion  resistant  metals 
(or  materials  thought  at  the  time  of  test  to  be  erosion 
resistant— viz.  nickel)  were  used  as  undercoats  even  though 
their  melting  points  were  known  to  be  relatively  low." 

Then  add  a paragraph  - 

"In  the  case  of  a thick  undercoat  (0.007")  of  cobalt  under 
0.003"  of  chromium,  the  duplex  plate  prevents  thermal  altera- 
tion of  steel.  Ductile  and  chemically  resistant  cobalt  is 
protected  from  melting  by  the  chromium.  When  the  chromium 
plate  cracks,  powder  gases  entering  cracks  reach  chemically 
resistant  cobalt  instead  of  easily  attacked  and  altered  steel. 
The  cracks  do  not  "mushroom."  " 

page  67 

Items  (f)  and  (g)  near  top  of  page 

The  purposes  alleged  for  these  tests  are  at  variance  with  allega- 
tions in  previous  sections  of  the  F.I.  report,  where  it  was 


page  67  (continued) 

pointed  out  that  adherence  of  Cr  plate  was  not  a problem 
and  that  undercutting  and  chemical  attack  of  steel  beneath 
the  plate  caused  failure.  The  purpose  of  tests  of  (f)  and 
(g)  should  have  been  to  provide 

(l)  an  erosion  resistant  base  (and  in  the  case  of  the 
Co-W  alloy  a base  that  was  both  erosion  resistant  and  hard 
enough  to  prevent  deformation  during  firing)  which  would 
improve  the  utilization  of  Cr  with  its  high  melting  point 
but  unfortunate  tendency  to  crack. 

page  71  first  line 

7/hat  is  meant  by  "severe  gas  erosion"  - melting?  or  chemical 
attack?  or  both? 

page  97 

Under  E(F)  5)  and  E(F6)  - Liner  made  by  boring  a 3/4”  swaged  rod 

Under  E(F7)  - Liner  B-16-4  was  bored  from  a rod  of  unworked 
molybdenum 

and  E(F10)  - Liner  made  by  boring  a 3/4”  swaged  rod 
page  99 

Under  E(F11)  - Liner  made  by  boring  a 3/4"  swaged  rod 

page  118 

Under  E(F29) 

Line  7 and  line  9 - Change  "due  to  volume  change  in  the  Cr-base 
alloy"  to  "due  to  dimensional  chang  aa  4n~  the  bore  probably 
caused  by  failure  to  relieve  casting  stresses"  ' 

(No  volume  changes  have  been  observed,  in  Cr-base  alloys.) 


page  113  (contd) 

Under  E(F30)  Results  section  Item  (2) 

-A* 

Change  to  "Construction  of  grooves  due  to  dimensional  changes" 
page  145 

Under  J(F36)  Results  section 

Explain  "powder  gas  erosion"  by  parenthetical  "(melting)". 

Under  J(F37)  Results  section  item  (2) 

Explain  "severe  gas  erosion"  by  parenthetical  "(melting)". 

page  146 

Last  sentence  under  J(F38)  - YJhat  is  meant  by  "powder  ga3  erosion"? 
melting?  or  chemical  attack?  or  both? 

page  148 

In  both  tests  J(F32)  and  J(F33)  the  statement  is  made  that  failure 
was  due  "to  the  lack  of  a good  bond  between  the  alloy  and 
steel  surface"  or  "plate  v/as  removed  probably  as  a result  of 
poor  bonding" 

This  does  not  check  with  "types  of  failure  observed  described" 
on  page  63  of  this  F.I.  Report  or  with  Harvardfs  findings. 

page  149 

Under  J(F19)  last  few  words 

Tihat  is  meant  by  "powder  gas  erosion"?  chemistry?  or  melting? 
or  both? 
pages  149  & 150 

Last  few  words  on  p.  149  and  first  f ew  on  p.  150  - This  does  not 
check  with  the  statement  made  on  p.  70  of  this  report  where 
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pages  149  & '150  (contd) 

.both  softening  and  cracking  around  crystal  g rains  admitting 
gasos  to  the  underlying  stool  were  given  as  reasons  for  failure. 

page  .150 

line  2 - Explain  ”powder  ga3  erosion”  - chemistry?  or  molting? 
or  both? 

page  151 

lines  6 and  9 - Explain  ’’powder  gas  erosion” 
page  154 

middle  of  page  - Explain  ”powder  gas  erosion” 
page  159 

near  bottom  of  page  - 4th  & 5th  last  lines  - Has  it  been  shown 
that  stellite  No.  21  ”is  not  resistant  to  the  attack  of  the  gases 
from  double  base  powder”?  Is  not  the  effect  of  such  gases  merely 
a thermal  one  (melting)? 

page  167 

lines  4 and  5 - There  is  a word  missing,  probably  ”and” 
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Dr.  H.  B.  Allan,  Deputy  Chief 
Division  One,  NDRC 
The  Franklin  Institute 
Parkway  at  20th  Street 
Philadelphia  3,  Pennsylvania 


Dear  Dr.  Allan! 


Franklin  Institute  Report  on  Qua  Liners  etc. 


Herewith  I am  returning  copy  No.  2 of  the  report  by  the  Franklin  Institute 
wider  contract  OEJIsp-533,  entitled  "Final  Report  on  the  Behavior  of  Oun  and 
Coatings  wider  Conditions  of  Hyper  Velocity".  This  is  an  excellent  contribu- 
tion and  I am  delighted  that  it  has  been  prepared.  The  following  are  a few 
comments  which  I offer  for  consideration  in  connection  with  its  final  review 
by  your  office. 

On  Figure  23,.  which  follows  after  page  58,  the  O.R.  at  the  end  of  the 
second  line  of  the  legend  is  likely  to  be  confusing  to  some  readers  — as 
it  was  to  me  on  first  looking  at  it.  I missed  the  periods  and,  until  I 
came  back  to  it  a second  time,  read  this  as  "or".  If  it  is  not  convenient 
to  expand  the  abbreviation  on  the  diagram,  perhaps  the  periods  could  be 
made  a little  heavier  before  final  reproduction. 

Page  10,  line  8 from  bottom.  The  word  "melting"  is  given  in  quotation 
marks,  presumably  to  leave  it  an  open  question  as  to  whether  erosion  in  a 
grn  is  characterized  by  a melting  of  the  bore  surface.  This  appears  to  cast 
unnecessary  doubt  on  the  reality  of  melting,  which,  as  a result  of  some  of 
the  investigations  wider  Division  One,  seems  to  have  been  thoroughly  es- 
tablished. 


Page  13,  line  2 from  bottom.  It  probably  would  be  desirable,  for  easy 
reading,  to  add  the  word  "pure"  before  the  word  "molybdenun". 


Page  24a,  section  6c. 


the  following  composition  and  design 


Dr.  H.  11.  Allen 
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characteristics  have  given  the  beat  results  ..."  The  list  includes  the  two- 
stive  construction;  but  on  page  21  it  i3  admitted  that  the  twisted  two-stave 
liner  remained  in  butter  condition  than  a straight  two-stave  liner.  Perhaps 
a further  explanation  is  needed  as  to  what  is  meant  by  "best  results". 

Page  72,  section  5.  A further  word  or  two  in  explanation  of  the  differ- 
ence in  process  of  applying  the  molybdenum  piste,  in  comparison  with  the  previous 
electroplates  might  be  desirable. 

There  is  another  matter  of  verbiage  in  this  and  other  reports  that  I j 

would  like  to  call  attention  to,  although  it  may  not  be  practicable  at  this  1 

stage  to  do  anything  about  it.  I refer  to  the  use  of  the  word  "chrome"  in 
place  of  "chroraiun"  whenever  it  precedes  "plate"  or "plating".  Apparently, 
chrome  is  an  allowable  synonym,  but  I see  no  point  in  using  it  except  to  save 
a trifling  amount  of  space.  The  word  chrome  is  more  general  in  meaning,  and 
in  3ome  cases,  therefore,  less  informative.  Thus,  we  have  chrome-tanning 
as  a process  using  chromium  salts  and  we  have  chrome-brick  for  articles  con- 
taining some  chromite.  If  we  mean  chromium  to  describe  a certain  composi- 
tion of  plate,  why  do  v;e  not  use  that  word?  This  is  probably  relatively 
unimportant  but  I thought  I would  raise  the  question. 


Very  truly  yours, 

ci.  )*. 

L.  H.  Adams 
Chief,  Division  One 


end 


Letter  of  Submittal 


Division  On® 

National  Research  Committee 

of  the 

Office  of  Scientific  Research  and  Development 
Washington,  G.  G» 

23  June  1546 


My  dear  Mr,  Norcross: 

I have  the  honor  to  forward  herewith  a report  entitled 
■'The  Behavior  of  Gun  Llnersand  Coating*  'Tested  tinder  Conditions 
of  Hyporvelodty",  which  had  been  submitted  to  Division  One  by  Dr, 
Nlchol  H,  Smith,  Technical  Representative  for  Contract  OEMer-633, 
with  a letter  of  transmittal  dated  16  October  1946,  It  is  to  be 
considered  the  final  report  of  this  specific  project  under  con- 
tract and  covers  the  work  performed  from  1 August  1942  td  28  Feb- 
ruary 1946, 

The  work  described  In  thta  report  is  pertinent  to  the 
project  designated  by  the  War  Department  as  011-52  entitled  "Oun 
Sroslon,  Including  Hyperveloclty  Gun  Studies,"  and  to  the  project 
designated  by  the  Navy  Department  e*  NO-23  ontltled  "Gun  Erosion.15 
During  Its  later  stages  It  was  carried  out  under  the  guidance  of 
the  Broeion  Project-Control  Committee, 

I have  accepted  this  report  and  have  approved  it  for  dup- 
lication and  Issuance  as  a formal  report  from  DWsIon  One  to  the 
National  Defense  Research  ^ommlttee.  The  initial  distribution  of 
the  report  appears  on  the  following  page. 


Respectfully  submitted 

L.  R.  Adam* 

Chief,  Division  One 


Mr.  Cleveland  Norcross,  Executive  Secretary 
National  Defense  Research  Committee 


smm  b'£  h t i it 


FOREWORD 

Erosion-Rasistant  IhtoHala  Program  of  Division  1t  HDflC 

In  an^oarly  stags  of  the  studios  of  gun  erosion  by  Division  1,  IDIiC,  the  conclusion 
ms  reached'  that,  bocauss  of  their  lack  of  resistance  to  thermal  and  chandcal  attack  by 
powder  gases  during  firing,  no  steels  or  hltfi-lron  alloys  showed  promise  as  bcre-aurface 
materials  under  severe  firing  conditions  using  conventional  propellants,  let  steels  are 
the  only  materials  of  adequate  strength  and  ductility  that  are  available  in  sufficient 
quantities  for  gun  tubes.  Therefore,  in  ordor  to  protect  tho  bore  surfaoe  of  such  steel 
tubes  fren  contact  with  powder  gases  (at  least  near  the  breech  end  where  powder— gas  ero- 
sion is  most  severe),  attention  was  concentrated  on  the  development  of  suitable  erosion- 
resistant  liners,  linings,  electroplates,  and  other  coatings. 

laboratory  tests  showed  that  only  the  following  purs  metals  wars  resistant  to  ehem- 
ioal  attack  by  the  powder  guest  chromium,  molybdenum,  tungsten,  tantalum,  nickel,  co- 
balt, and  copper.  Only  the  first  four  of  these  have  a sufficiently  high  melting  point 
for  severe  service  urrier  hypervelocity  conditions,  where  melting  is  an  important  factor 
in  the  failure  of  a steel  gun-bore  surfaoe.  Other  teste  showed  that  in  addition  to 
suitable  resistance  to  thermal  and  chemical  attack,  a bore-surface  material  must  have 
sufficient  hardness  and  strength  at  temperatures  attained  during  firing  to  prevent  def- 
oliation of  the  rifling  by  impact  of  tha  projectile  and  must  be  sufficiently  ductile  to 
prevent  serious  failure  by  cracking. 

In  the  fall  of  191*2  efforts  were  started  on  the  preparation  of  chromium  and  molybde- 
num in  form  suitable  for  use  as  gun  liners.  By  the  following  Sumer  preliminary  tests  of 
molybdenum  liners  had  emphasised  the  importance  of  hot-hardness  as  a characteristic  of  a 
successful  gun-liner  material.  Further  study  of  this  phase  of  the  subject  led  to  ths 
discovery  that  the  stellites,  which  are  cobalt-chrcedua  alloys  that  have  the  property  of 
hot -hardness,  are  erosion-resistant  as  long  as  the  bore-surface  temperature  is  not  too 
hleJi.  By  that  time  the  experience  of  aerial  coribat  during  World  War  II  had  indicated 
that  erosion  ms  limiting  the  performance  of  the  caliber  .$0  aircraft  machine  gun. 
Application  of  tbe  discovery  of  the  eroslon-reslstanco  of  stollites  to  this  problem  led 
to  a renmrkabla  increase  in  ths  performance  level  of  this  gun.  A parallel  attack  on  this 
same  problem  led  to  the  development  of  nitrided,  chromium- plated  caliber  .50  barrels. 
Eventually  It  was  found  that  an  even  batter  barrel  was  obtained  by  using  a stellite  liner 
with  ths  steel  bore  chrcc&ura-plated  ahead  of  it,  provided  that  the  steel  barrel  was 
strengths  rod  by  making  it  slightly  heavier  (especially  at  tire  forward  end  of  the  liner) 
and  perhaps  by  using  a apeoial  steel  having  greater  strength  at  high  temperature. 

Experience  with  stellite  liners  in  the  caliber  .60  machine  gun,  which  has  a muzzle 
velocity  of  sligitly  over  3500  ft/seo,  showed  that  this  alloy  is  "mrginal"  with  respect 
to  its  use  in  a hypervelocity  gun.  In  this  particular  application  a stellite  liner  lasts 
long  enough  to  furnish  a useful  gun-barrel  life,  but  whan  it  fails,  it  does  so  by  melt- 
ing along  surface  cracks.  That  fact  coupled  with  the  observation  that  the  surface  of  a 
stellite  liner  melts  when  fired  with  double-base  powder,  even  at  velocities  around  3000 
ft /sec,  showed  that  a material  of  higher  melting  point  was  needed  fbf  general  use  in 
hypervelocity  guns,  that  is,  ones  firing  at  muzzle  velocities  greater  than  3500  ft/sec. 
Hence  the  search  for  such  a material  was  continued  at  tha  same  time  that  further  efforts 
were  made  to  extend  tha  application  of  stellite. 

Sam  phases  of  both  groups  of  investigation  were  carried  out  by  the  sams  contract- 
ors of  Division  1,  among  whom  a remarkable  spirit  of  cooperation  was  evident.  This  co- 
operation was  fostered  by  the  formation  in  October  1 914*,  of  the  Resistant-Materials  Pro- 
ject-Control Conmdttae,  to  the  monthly  rooting  of ’which  the  different  contractors  sent 
representatives.  It  was  only  through  their  continual  willingness  to  help  each  other  that 
so  much  was  accomplished  in  such  a short  tine. 

During  World  War  II  caliber  .50  gun  barrels  that  had  been  nitrided  and  chromium- 
plated  and  others  that  had  had  stellite  liners  inserted  in  them  were  used  in  combat.  Pro- 
duction of  stellite-lined  barrels  of  other  sizes  was  ready  to  start  at  the  time  of 
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Ja  pa  no  s 9 surrender.  The  further  application  of  stellite  and  othur  hot-hard  alloy*  to 
amall-ams  barrels  i»  being  continual  by  the  Crane  Con;. any  for  tha  War  Dopartmont.  Con- 
t in  nation  of  tha  investigation  of  chromium  elactroplatss,  of  duplex  aloctroplates  of  chro- 
mium and  othor  metals,  and  of  alloy  electroplates  of  various  poire  of  metals  at  ttie 
National  Bureau  of  Standards  is  being  supported  jointly  by  the  War  and  Navy  Dspartmenta. 

The  most  promising  material  for  general  hyperveloolty  sorvice  appears  to  be  a hard- 
onod  molybdenum.  Suffioiant  progress  ms  made  in  its  development  during  World  V#»r  II  so 
that  now  the  Navy  Department  la  supporting  tha  efforts  of  tlia  Wostlnghouse  Electria  Corpo- 
ration to  make  this  material  In  a form  suitable  for  gun  linors,  following  the  plans  devel- 
oped under  the  auspioee  of  Division  1 , NDRC.  Similarly,  the  'War  Departmant  plans  to  have 
the  Union  Carbide  and  Carbon  Research  laboratories  contenue  tha  development  of  ohrecdua- 
baso  alleys,  which  also  appear  very  promising  for  hypervelocity  service.  Vapor-phase 
plating  do ea  not  appear  to  be  suitable  for  gun  bores,  and  therefore  it  Is  not  being  con- 
tinued for  this  purpose,  although  it  may  have  industrial  applications. 

Thus  the  resistant-materials  program  of  Division  1,  NDRC,  daring  the  past  three  ana 
a half  years  has  led  to  the  development  of  a very  successful  solution  to  tha  erosion  prob- 
lem In  machine  guns  and  narrowed  the  searoh  for  bore -surface  materials  capable  of  out- 
standing performance  under  hyperveloolty  conditions  to  three  dearly  defined  programs,  all 
of  which  are  now  being  pursued  by  the  Armed  Servioes.  The  work  carried  out  by  the  con- 
tractors of  Division  1,  JDRCjin  tha  development  of  9 roa ion-resistant  materials  is  describ- 
ed in  a series  of  28  reports.  They  are  listed  on  the  fallowing  pages  for  convenience  in 
referenoe  and  also  as  an  indication  of  the  aoope  of  the  resistant -materia  Is  program.  To 
them  have  been  added  the  titles  of  five  other  reports  dealing  with  stellite  liners  and 
chrcodum- plated  gun  bores,  which  were  prepared  under  the  supervision  of  the  Liners  and 
Coatii^s  Pro  jeot -Control  Committee. 


December  11,  19h5 


J.  S,  Burlaw,  Chairman 
J.  F.  Schairer,  Secretary 


Reslatant-lhterials  Project- 
Control  Ccmditee 
Division  1,  NDRC 
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REFCRTS  ISSUED  UY  DIVISIONl,  ND.TC,  DEALIXI  7iTTH  EROSION-RESISTANT  MATEIIAIS 


Roport 
03UC  . 

Number 

" 

Title,  Author,  Contractor 

A.  General  Materials  Testing  and  Liner  Development 

A— 1 1;8 

1219 

"Metals  tostod  as  orosion  vent  plugs,"  by  0,  H.  Looffler,  0.  Phair, 
and  H.  S Jorabok.  . 

Geophysical  Laboratory,  C.T.Vf. , Contract  0EMsr-5l 

A4,03 

61,71, 

"The  results  of  t rosier,  vent-plug  tests  particularly  under  conditions 
of  decreased  sevorlty  and  their  application  to  the  erosion  of  guns," 
by  II.  2.  Jorabekj  0.  Fhair,  D.  Enagordo,  and  C.  A.  MacQuaid. 

Geophysical  laboratory,  C.I.'Y.  , Contract  CElisr— 51 

A— LOU 

61,75 

"The  behavior  Of  run  linors  and  coatings  tested  under  conditions  of  hy- 
per-velocity," by  li.  H.  Smith.  • 

Franklin  Institute,  Contract  OEMsr-533 

A-1.05 

6U76 

"l.fatallographic  examination  of  gun  linors  and  coatings  tested  under 
coalitions  of  hypervelocity,"  by  J.  N.  Hcfcstetter. 

Harvard  University,  Contract  OEMsr-537 

A-)|06 

61,77 

"Erosion  tosts  of  materials  in  the  form  of  short  liners  in  a caliber 
.30  mchino-gun  barrel"  by  J.  Vfulff. 

Johnson  Automatics , Inc. , Contract  OEMsr-li65 

A-107 

61,78 

"Soaroh  for  erosion-resistant  materials  for  guns  by  firing  particles 
of  metal  and  alleys  into  a vacuum  to  determine  their  structural  and 
chondool  behavior,"  by  E.  Pos^nak. 

Geophysical  Laboratory,  C.I.1Y.,  Contract  0E?i3r-5l 

/X&X 

mac 
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xxssmnawxa 

A— 1|08 

61*79 

"Gun-barrel  liners  — materials,  insertion,  and  testing,"  by  F.  D. 
Cottornan,  N.  A.  Ziegler,  and  J.  P.  Ibgos. 

Crane  Company,  Contract  CEMsr-629 

A-109 

6L80 

"The  testing  of  erosion-resistant  materials  and  the  development  of  im- 
proved machine-gun  barrels,"  by  E.  F.  Osborn. 

Geophysical  laboratory,  C.I.Vf*,  Contract  GEMsr— 51 

A-UlO 

6L81 

"Progressive  centrifugal  1 nmol ting  for  the  preparation  of  alloy  tubes," 

by  P.  H.  L'race. 

'.Yestinghouse  Resoarch  laboratories,  Contract  OEMsr-915 


B.  Chromium,  Chromium  Plating,  and  Chromium  Alloys 


/ A— 78M 

2082 

"The  preparation  of  chrocdun  by  the  thermal  decomposition  of  chromium 
iodide,"  by  D.  R.  Moshor. 

Y/estinghouse  Research  laboratories,  Contract  CEMsr-915 

‘ A-Ull 

61*82 

"Chromium  and  chromium-base  alloys  as  materials  for  gun  liners,"  by 

P.  H.  Erace,  J.  F.  Schairer,  and  N.  A.  Ziegler. 

’.Yestinghouse  Research  laboratories.  Contract  CEMsr-915 

A— 1,1 2 

6183 

"Experimental  electroplating  of  gun  barrels,"  by  TV.  Blum,  A.  Brenner,  and 
V.  A*  Iamb* 

National  Bureau  of  Standards,  Transfer  of  Funds  from  OSRD 

A-U13 

6181, 

"An  Illustrated  study  of  the  effects  of  firing  on  chromium -plated 
bores  of  caliber  .50  wchine  guns,"  by  H.  E.  Kenrin  and  M.  Sullivan. 
Geophysical  laboratory,  C.I.Vf.,  Contract  0ElSsr**5l 

A-UlU 

61,85 
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